PHARMACOLOGIC

CALCIUM CHANNI

L CHARACTERISATION OF

VASCULAR SMOOTH

MUSCLE FROM HYPERTENSIVE AND
NORMOTENSIVE ANIMALS

LS IN

AL OF 10 PAGES ONLY
MAY BE

ASHWINKUMAR PATEL













N ‘ : '
o JHARMACOLOGICAL CHARACTEBISATION OF CALCIUM

CHANNELS IN VASCULAR SMOOTH MUSCLE -FROM ;
HYPERTENSIVE AND NORMOTENSIVE ANIMALS,

© Ashwinkumar Patel. B.Se. (Hon)

A C
- A thesls submitted to the School of Graduste
Studies in partial fulfilment of the requirements

for the degree of Master of Sclence.
¢ Y
»
2 Funlty of Metllelne -
Memorl ¥ of Newf. q
3 July 1088 —
A | .

St. John's. "Newl‘onndlln‘d
—— i
S




A

A\ Permission has been granted
to the National Library of
. _Canada. to microfilm this

. thesis and to lend or gell

‘copies of the film.

The author: (copyright owner)

has resexved other

publication rights, and

neitheér the thesis nor

/ extensive extracts from it

- mgy be printed or otherwise

reproduced without his/he;
written permission._

~

I8BN 0‘315-370,05-)(

L'autorisation a &té accordée
4 la Biblibthdque nationale
du Canada de microfilmer
cette thdse et de préter ou.

. de vendre des exemplaires du °

£ilm.

L'\autal}'r (titulaire du droit
d'auteur) se réserve les

. autres droits de publication;

ni la thése ni de longs

rextraits de celle~ci: ne &

doivent &tre’ igprimés ou
autrement reproduits sans son
autorisation écrite.

- ! /




' significantly reduce calcium itivity in i d vessels from .

son el ‘
u' ,/),s{ w
PR 3

- : . o ) ey
“ 6 = % RS Yo
g A ABSTR.ACT

A consistent feature of hypertenslon is an increase in penphenl fasg;n lone

which is ulti 1 folled by. i llular calcium -evels. Ovet the past
decade, evidente has emerged mdmmng 80 ﬁnormAlny in jon handling by
vascular smooth muscle as a possible cause ol‘ the elevsted vascular ‘tone j Various
lines of evldence have led to the suggestion that there is an increaged calcmm
influx in hypertenswn The present work attempted to chn.rulen;: \c\mm |hf|\|x 3

tarough receplor operated (ROC) and potential opeated channels (POC) in tail i

artery from: SHR and WKY: rats, llsmg nifedipine, & ¥ aleium mlngonuf as a =

probe. E

+

- , .
Pofassium induced responses, were significantly more sensitive to nifedipine than

nur;pinephrine responses in b;tigf’ln and WKY. However there was no difference i
; . ) X (X
in. itivity- to nifedipine, of either i or inephri Sp g

between SHR and WKY at both ED, o or EDg, levels of mmulmon These /

results suggm 8 normmal role lor POC and ROC function m‘S’HR animals. .

The. iajium sgnsitivif.y of thevessels was higher in SH rats when activated by'

D5; levels ol“ inephrine but not p Jesi gesting ROC sl i The
stidy also suggest that submaximal (EDjgp) levels of agonists should be used, in

addition to ED, gy doses of agonists. Low concentrations of nifedipine (0.050M) .

signiﬁcmély reduc‘ed.calcium itivity in p jum (ED,qq) sctivated arteries

from SH,‘but not WKY rats. Higher concentrations of nifedipine were leg‘lire"d‘ to

" "
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both SHR sad WKY. Mninnl' enlcium ;aponlﬁ‘f norepinephrine (Eﬂlw)- .

activated SHR vessels werp more mistnnt to nifed; pme than WKY vmels These
resulta III“l!l A.Ileuuons in POC; and ROCs
3 N ! L

No diﬂer‘enlill aeimitivity to nihdipin‘e was found in young ‘prehypertensive’ (5

wefk old) umm.ls At the 10-12 week age 5I'DII]),§5H ru.’were more sensmve,

-rmmpued to WKY lt hlgh qoses of mfedupme " Wistar normoienslve rats were

_mou msenslllve 'o mhdlpme thm WKY. rats. Surpmangly the differential

'

sen_sltﬁmy, to mfedlplpe, between .SHR nnd WKY was rzduced;t the 20 week age

iroqp. These_ results ‘suggest that eéhlnced calcium influx 'l;uy not . precede

Jevelopment of highlhlogd ’p}asure' ‘As blood pressure igcren.?u calcium'’ influx

: may sustain the high vascular tone,’liﬂmug‘l\ direct evidence-is-still lacking.

i §

@ qﬁﬂectively the reslits presented provide further) indirect, evidedice for altered

calcium chmﬁel function in hypertension.
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& : Chapiser 1
INTRODUCTION

1.1, General Introduction. - * ) g

" Dupite diagnostic advances, % %% ‘of patients with hypertension are classified as

suﬂermg mypenenswn (Bergland Andmon & thhelmsen, 1076)

nnd lhe etiology of thi %sem is unknown Hyyzrtemlon develap! n.s the xault of
some pgthokhynologml disturbance of the hlwﬂf/ure ~contro} synum but no_
--single cause has been identified. This cnn'.rol system ‘consists or seversl dynamic,

d h

and in

in cqlnhbn\lm, stnvmg to maintain a

normal fl i lationship. Thus ‘,,, i may develop s the ralllt

of “the nltenuon ol one. or-more processes - thie ‘mossic theury'\ol hypertenswq,

(Page & McCubm, 1985). Mmy mveétlguw“ have uhted\thnt the disease is

v multilncwrislﬁﬂ’aul, 1077) with hereditary [‘nclors playing s rol> mﬁ aetiology

) (Plckenng. 1061). A cndlnnl hemodynamic ienture of the disease is & susumed -

ele“uon in total penpher&] vasculsr rﬂutnnce (TPVR) (wahch Taml &

% . Dunstan, 1969, Lund-Johansén, 1977), with ardiac oulput— remsining normal.
A ¢

" As vasculn resistance is mainly determmed by 'basal’ (myagemc) lone

\yucw{u'mulmce is the result of an increase in tone of vascular. |mooth muscle

> k(Mel]nnder& Johansson, 1988), it follows that, in hypen.ensmn, the increase in"



n\ . ' ;' N
C e

(VSM) of p’rimlry b lstlnce blood vessels' The tone “of VSM s e;(quixitely
regulated st the structural, neursl, humoral and intrinsic (myogenic) level.
].ncreased blood pressure, leconduy to elevated VSM tone, may thus result from

1. Increase in neursLyuoconstrlgwr inflience

2. Incresse in humoral vssoconstrictor influence

3. Structural alterations of the blood vessels \ . &
4. Intrinsic i in the lation of ile properties of the
VSM effector cell. i

By ;lk?ﬁniﬁon, essential hypertension “cannot be produced expetimentally by
\ e \ A

surgidal or {)t:hér interventions. . A number of animal models of hypertension have
been developed in order to enable the causes for increased tone to be i:‘xvaligated

in the laboratory. Sintée Smirk's introduction of s laboratory animal model “of

1v. d ined h

i ion (Smirk, 1649), a variety of susceptible rodent
strains have become available: the 9kamow~Aoki strain from Japan(Okumnto & .
Aoki, 1683), otherwise knowg utﬁe spuntan-eouély hypertensive rat (SHR), and

° Lhe Mnlan atmm introduced by Bhndn and cow;rkers (Bunchi. Fox & lmbnsuatr,
1973) The Dabl Salt-Sensitive (DSS) strain  was developed at the Brookhlven .
Nnuonal Laboratories lnf 1962 (Dshl, Heine & Tassinari 1082) Thls atrlm is

11 d

predisposed to develop hyp ion but only il mai d on s high

salt (NaCl) diet. Of these strains, the SHR (Oksmoto & Aoki, 1083) ususlly in
cnmparbian‘ to its normotensive control, the Wistar-Kyoto strain (WKY') has been

the most extensively studied strain.

.
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'1.2. Aetlology of Hypertemlon‘ln SHR. * §

<
Okamoto & Aoki (19!3) initially isolated a colony of SHR at the Faculty of

Medicine, Kyoto University, by selective inbréeding of Wistar males having.high
blood pressure with Wistar females hayjng slightly higher pressure th;m normal.

A yure}inbred strain of the SHR was obtained in 1968 (Tanase, Syzuki, Ooshima, N
Yamori & okmow, 1070). . ‘ . D

Blood prmun in this srain is chnm:temzd by an lnmal hlgh cardlnc ouLpul and
normal TPVR (6 12 vik) and nsubsequent decresse in cardiac output to normal
but an increase it TPVR in the mnbluhzd phase (Albretcht, 1074, Preutitt &

Dowell, 1078). It has been shown ihat the development of high blood pressure in
: }

SHR is s multifactorially inherited diti ’c_nusad by an autosomal additive
inheritance with at len.sz 3-5 nﬁibl\px[@ uting,tugethe} (me_ase, énzuki,
Onshum, Yamori & Oksmoto, 1970) in: concert thh mlllhpl} minor genes
(Y:mon, Ooshims & Oksmoto, mo) . - )

¢ Expression ofbypertension in the SHR is primarily controlled by genetic factors,

with environmental factors having a minor, but impom.nt, role (Yamori, 1383].,
Tanase ¢ al., (1970) reported tlm the genetic miors saccount for s major part of
the elkvtted blood pressure, ‘while env:ronmentul factors tend to have an additive

or sub ive effect on the-d pme and extent of blood pressure elevation. .




T " 1.2.1. Infl of hanl
- <

- 3 As the autonomic nervous system is intimately involved in th_e control of arterial
pressure, heart ut:, muscle tone and circulating adrenaline levels, it is like‘ly that
’it may play some part in the initfation or mnintenlnnce of elevated arterial
pressure in hype;tensiom Evidence for such a role is provided from studies which
show either prevention or delay in the development of bypertension by
interyentiuns which interfere with the sympathétic nervous system (Abboud, 1984,
Brody & Zimmerman, 1976, Brody, Hlywo-od & Torvin, 1980). Additional ta
" evidence is provided by studies which sl;ow hyperreactivity of blood pressure to -

environmental stimuli (see below). E N .
& -v

- Many inthi‘gﬂionf have shown altered nél‘lrotrusmi:ter levels andggnzyme
activities in the cenirsl mervous system (CNS) during'lvuious stages in the
development wf hypertension (Nagaoka & Lovenberg, 1977, Naksmura &
Nakamira, 1978, Saavedra, Grobecker & Axelrod, 1078), although it m+§t be

emphasised that some of these studies are _conflicting: For example, dofamine

#-hydroxylase activity has been repéted to be i d (Nak & Nak

1078) and decreased (Nagaoka & Lovenberg, -1977) in the locus coem]7£ of the

/
; |

“SHR compared to the WKY.

(NE) by intravedtriculr injectons of &-bydroxyg




(6wk) SHR dellyed the onset of hypertemion Ior 12 weeks wheuu similar
treatment h sdult SHR caused only s slight fall in blood pressure (Kubo &

Hashi 1078).  Prevention, by i icular injections of 6-OHDA, of .

development of hypertension has also been reported, in SH rats (Finch, Haeusler &

Thoren, l972) In 1nother study, B-OHDA, administered both intravenously sad
FEt po

u:tuuntnculmly, reduced centml nnd ipheral levels of inephris but
I J‘l\) there was no signifi cant effect on the development of bypertension "in the 'SHR -
only a ulxght\lmmuuwn in the rise of blood pressure was, evident (Yamori, ,

) T ) - W
Yamabe, De Jong, Lovenbers & Sjoerdims, 11). Fur hemical

.denemuon of SHRs snd WKYs at. bzri'h does not prevem the blood pressure
mmg to levels above those ol denervated, WKY- (Schomig, Dietz, Pascher, Luth, a
-Mann, Schmidt & Weber, 1978). Similar resulu have been obtlinet{ with the New
Zealand strain of genetical]y hypertensive rat (Clark, Jomes, .Phelnn & Devine,
- 1978). The use of abti-nerve growth factor has also been reported to prevent the
deve_lopm’e‘nt ‘Bf: _biypertension in the SHR (Pro'wgt & De J?ng, 1978).

I stingly, h L with hidine, which prodtices s more permanent

-~

and complete sympathectomy than anti-nerve growth factor spparently does not
- 4 Z *
prevent the development of hypertension (Johnsson & Macis, 1979), however
« _ P~ .
/jntervenzion with s combination of snti-nerve growth factor and gusiethidine

produces a long lasting hypotensive effect in the SHR. =
. \ : .

5 . Although the'above studies suggest the invol of central hol

systems in the development_of hyper'.em‘inn, there are dilflenltia with this




P! ion, since b ines have dit ffect upon‘ blood pressure

" regulation with both pressor snd dep{mr mechanisms being present in the CNS.

J .
Direct dings of sympsthetic activity have provided some conflicti results
about the participation of neurll i in the devel and

muntem.nce of hyper'.emlon in the SHR Initial mdmtmn for sn incressed

central sympathetic drive in SHR was provlded by studies’showing an elevated -

. sympathetic activity in the splanchnic nerve (Okamoto, Nossks, Yamori &

Matsu 1987). Signil incresses in disch pared to

controls have been- repomd in tenAl and splapchnic nerves (Judy, Wntnnnbe,

Henry, Besch, Murphy & Hockel, 1076 lﬁchteln &Thoren. 1979)." Sectioning of

the splnnchmc nerve' -produced a hll in blood pressure in SHR greater than in

control WKY rﬂ"" hijime 1073), ing an il ased sy Hetic asve.

gctivi_ty‘ Furthermore, a positive correlation was found between renal
. iympathetic nerve ,activity and mean srterial blood pressures in hybrid
SHR/WKY rats (Judy, Watamabe, Murphy, Ap;isoﬁ & Yu, 1979). In contrast, at.
the level ol laemnbar sympnthetm: innervationbasal uympntl@ nerve activity was-
essentially the ssme’in SHR and WkY despite a ngmr cuntly hlgher systemic
arterial pressure (Lais, Schaffer & dey, 1074). The decrease in neursl uhvny
after hexamethofium was: xdenmﬂn both Sl{R ‘snd WKY, _sugatln_g that the
smount of nerve traffic orfginttiu[ in the CNS‘oI’ the SHR is equivalent wrll.:t in

the céntroi rat. In the same study the vascular resistance of the SHR was

significantly highér"thnu that of the control, even sfter bilateral Jumbar

sympathectomy. '




Mangispe & Porter, 1084).

both- initisted and maintsined by

\ z
ide of ap i neural activity directly causing the

. § " a
increased blood pressure, is compelling, however it must be mentioned that most *

of the skities were carried out in anesthetised rats If indeed a0 increase in the

activity of sympathetic nervous system results in an i*rease in TPVR, then the , ’

extent of this cOmponent should be detectable with the use of ga“glinnic blockers.

An investigation of SHR rats, chronically instrumented vwith miniaturised pulsed

dopplerflow probes by Touw and co-workers '(1980) showed that, in conscious,

SHR, maximal ganglionje blocksde with b resulted in equi

reductions in regiopa.l vaselar resi: ! (renal, ic and hindqu ).and
‘arterial pressure. The changes wau not slxmfienntb' dnﬂerent between SHR and

WKY. The study indicated that in both young and old Sfm vascular yeslstsnce

“and arteru;l pressure are sustnmed at elevaeed levels by sgme “mechanism other -

than neurplly derivedvasoconstrictor tone. _Similar decreases, in SHR and WK,

after ganglionic blockade have also been reported by Kubo (1979).

1 3
davélopmeng of hypertension in t‘he Sl'%inenmgl TPVR, also appears to be

’

ghe role of neural
Iactors should be-considered along-with other factors such as genatic, behaviourial

“ind environmental factors. It has been suggested &Im a8 far as the nervous system

_h:c'oncerned, the difference between SHR and K{' may. be that cardiovggeular

to 1 stress are d in the SHR (Brody, Faber,

A

'I“herelore, although néurogénic mechanisms appear to be involved in the



i

"

1.2.2. Environmental influences. ' - ..
Environmental changes ""huve*been\sh?w; to affect development of hypertension

A R R .

in the SHR. Deprivation of sensory stimuli (Lsis, Bhatnagar & Brody, 1974), by .

placing newborn SHR in a quiet dark room ss well a3 social isolatf‘dn (Hallback,

¢ o .
1975) retards the development of hypertension. !

——

' N o ly, i bilization (K Ky ]\/feClrthy,_Thoa., Lake & Kopin, 1979), SR
g chronic strm as.well as combmed-vuual stxrmlh, provoke a grutet increase in the
arterisl pressure t_)! SHR than normotenslve WKY (Yamori, Matsulnoto, annbe &

Okamoto, 1969). The effect of in;:reuad thermal g;tr# is a greater increase in the .

blodd pressure of SHR, compared to WKY (Naks & Nal 1078).

i

Jent stud'iu provide evidence for exsggerated sy mpath&tic ducharge in response
to envu'om’nental stress in_SH rats. Bunl sympathetlc dxschlrge ‘was only shghtly
higher in SHR than in WKY, however, a major difference. observed was the
increase in discharge seen in response to a blast of air on the'face of the animal

" (Lundin ‘& Thoren, 1082). In addition rensl sympathetic nerve discharge was

significantly increased in the SHR.

fi summary, wlnls! an abnormahl.y in the central and penpheral nervous system »
is suggested by the studies, Lhese do not account fully for the rise in TPVR snd
. vascular reactivity.

- : Y

-~
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1.3.3. Structural sdaptations. ~ - . ' )
The role of structural modifications in the development of h;'perlension has

recently been reviewed (Webb, 1081, Folkow, 1078).

To account for the i

and coworkers (Folkow, Hallback, Lundgren, Sivertsson & Weiss, 1073) proposed
that the increase in reactivity occurs lecondu"y to structural changes in the
~ ruiatuge vuséh, snd that these changes are the result of vascular smooth muscle

2 5
(VsM) hyperzmgh; in response to high blood pressure. Folkow has also suggested

thet in some forms of essential hypertension, inclilding SHR, the increased resting

3k vesséls (Folkow, 1078) with- enlnéancnt of ’the media of resistance Vessels
. occurring at ths expense of lumen diameter. In’his compullensive) review (Folkow,
1078), he summarises his view, that in ment‘ial hypertension, arterial structural

3 =  adsptations occur to keep T constant as P rises in the relationship dmribedwin

odified law T= P.r/w (where T= tension per unit wall tension, P=
regional transmural pressure, r= internal radius of the artery, w= artery wall
thickness). From the equation it is él:u that decreases in r/w can be the result of

an increase in w or.a dectease in ror both. An alternate way of looking at this is

. by conside . the relationship of resistance to flow (R o 1/r%), where R=
resistance and = internal radius of tke vessel. It is quite obvious c‘hn 8 mibute
decreaseir r will lﬂe’et Rby an exponentis! vh’.ewrl. T

R \( T

v

n;w’Lr i and ivity, Folkow (1956)-

| tone of blood vessels can be explained entirely b)" structural modifications of the

-
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‘

/,‘ Hemodynamic evidenc—e for structural changes can be found in uudiu which
show that vascular beds of hyperlenmvn demonstrate higher flow, mmunce when
maximally dilated (Conway, lgsa)plteeper slopu of dose response curves to
vkmonstncwr agents (Sivertsson, 1970) and an increase in the megnitude of the

maximal vasoconstrictor respopse (Mulvany, Hansen & Aalksjaer, 1078).
8 P 5 !

The chnngeyin the flow ‘resistance relationship is th«';ught m—ju.- due to the

thickening of the merinl wall to such an extent that it encroaches into the lumen,

even when fully relaxed. Thm conupt is supported by: work done by M\llvnny el

al,, (1978) {They -} the ‘marphologie properi of resistanés vessesin the

B
2
-8
=
&
=
s
=
&

b of SHR and normotensive rats. Timy found that the SHR. rats
a]ler lumen and 8 40% thicker medis compared to normotepsive
vessels. Upon histological examinption they found that !I;e SHR vessels had an

extra smooth muscle layer compared to the controls.

1tis not clearly known whether the increase in thickness is due to hyperplasia or
hypertrophy. Whﬂ:‘t there is some ev’idence for hype_rplasiu (Webb, 1981),
hypartropiiy can also oceur in the same animal. For exmfple 5;{; and “co-
 workers (1984) r.eporf. that in the renal and mesenteric vasculature of SHR, the

/ athickn&‘s of the artery wall is aiéniﬁcantly different from WKY. Whereas this . '
! .
send

/" increase in is due to hyperplssia in ‘arteries, it is due to '

hypertrophy (mesenteric bed) and byperplasia (rensl bed) in elastic arteries.

Another type of structural alterstion which has begn proposed to contribute to




d vascular resist is jon of resi vessels.

also been reported in the resistance vessels 12 to 25 microns) in the cremaster

muscl¢of SHR; but.not wxv (Hutchins & Darnell, me) In rats, subjected to

antihypertensive therapy, whlch bypertension 3 !here was

no reduchon in the numbur of amxll arterioles. Haack, Scha.ﬂer and Simpson

(msn) stadied cutaneous microvessels in SHR WKY and normsl Wistar rats.

They found that both SHR and WKY hiad significantly fewer third order uunolu

‘than Wistar rats.’ There. was no-sigoificant dlérence between SHR and WKY at

- this level. At the level of the fourth order nt.erioles' not only did SHR have

'glgmﬁcmtly lewer Vtenulu llnn m/lnd w.,m rats, but, the number of

arterioles’ was nlso significantly lower in WKY compa) to Wistar rats. dupn.e
their pressires being equﬂ The mehctwn could thérefore be comcldental and

not causal to the ,development of hypertension.

Since the structural change appears to be, caused by an incresse in atterial

pressure (Folkow, 1982);the change. .is. considered to ‘be ‘secandnry—lnd not
& . (i x

primary. Evidence for this is provided by studies in which regional hypotension,
produced by sortic obstruétion, was !ollowed 2°- 3 weeks lAter, by reversal of

structural changes (l"olkow, Gurevich, H back Lundgren & Weiss, 1071).

. However recent studies lnve prov:ded wm@cg}hs“ome utnlctural chmges

oceur priér to h dwelopment of bypertension. An increase in- the cross uellnnn.l

" aresof the madm, o! small musculir uurlu, was found in pre—hypertenalve B-5

wuk) SHR. This chn;e ‘occurred after birth but prior to the development of

hypertension (Daniel; Kwan; Lee & Smreds, 1934):

L=



N . Whilst changes in the l;ledil lumen ratios would explain incredsed resctivity in

p /
= flow resistance (perfused) studies, they do not explain a number of observations in )'
both perfuséd preparations gnd in vifro isolated .strips or ring preparations of - / £
i - rd
R VSM. 1 . " 5 v .
» B
i +  For example, in"the perfused lgiildqunfer prepuntioﬂ\?&’om SHR, the change in

r \ ——— \
ressure produced by serotonin (5-HT) was grester than that produced by either

L 4
il norepinephrine or pn!ls!lllm (K*) (Cheng & Shlbnu, 1980). A differential

s ) nsitivi Lo inephri pressin and barium chlonde (BaCLzﬁn perfused

(" desenteric beds. isolated frouf SHR bas been obsérved (Lais & Brody, 107). *

) ._IOt‘her results which cabnot be explained by structural changes )}zhlde, differences - \
» ! in .rmtiy-i'ty of & number ?f vasculsr smooth,/muscle preparations from pre-"; -0

hypnlrunsive SHR (Lais & Brody, 1078, Swsmy & Tl‘ig%le,' 1980s, i{uhvny, v
' }\alhjler & éhristenszn, 19080) , diﬂerences in z;ensitivizy of v&!glu smootl‘: !
muscle 00 different sumulsnls (Huusler & Finch, 1972, Collis, De Wy &
* Vanhoutte, 1980., McGregor & Sn:url( 1970), vascular smogth muscle responses to

non-physlologmal cations (Goldl’mg & Triggle, 1977), vasculsr ‘reactivity

- diff seen § i essels fected from (Hansen & Bohr, lﬂ‘l/-‘))\or not exposed to
! high blood: prc’ssu'; (Gr;enberg & Bobr, 1675]' and sensitivity diﬂe’mlees which
% L oceur in nonvasculsr smooth muscle (Corbett, Goldberg, Swnmy, Tngglt &

Tr1¥le, 1980) Some of these mndm sre briefly discussed.
o /_ '




" i
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1.3.4. Functional altefations. .

A Dumber of studies, the results of which cannot be accounted for by structural

changes, point to an intrinsic defect of the smooth muscle cell itself.,

In perfmd ;:eunultic beds of both genetic :nd renal hypertensive animals, the
mean response to serotopin (S-HT) was 420 - 730% of the control level, whereas
the responsea ta both-NE and ugmennn ‘were no mon than W%gelur than
the control level (McGre[ur & Smirk, mo) They uuueuud that the' dlﬂ‘erenm.l

nugmenuhon ol reoishnce, induced by two agonists prohbly mdlcl&ad 8"

hlnetlcmll tl}ermon of tha smooth mnule Cheng and -Shibata (1980)’ reported}

that NE and-5-HT induced. changes in perfusion pressure in }he hi:lldql.nmr
ynysutmn from SHR were qumnhmdy md q\ﬂhuhvely dxﬂeren_t. Simihr
! reponed by Haeusler and Finch (IUT!)

" They d that an enhanced excitati tion -coupling could account

1y

for the higher mnumll response to b-HT Lah: on tbey (Finch & Hunsle‘r.’lﬁ‘ll)
lhwed that wlnle the response \o NE was elevated in hypertension, the response

to calcium in depolarised ie artery pr ions was'mot. They put

forward the view that a .peE‘lﬁ‘c alteration in the adrenergic (a) receptor was a

primary abnormality in.VSM from hypertensive rats: ﬂsguiiiu done on young.
-“‘prehypertensive'. Sl'!li and WKY rats by Lais and Brody ('ms) indicated a lower

threshold for NE responses but not for BaCl,. There, was 06’ diﬂer,eqce“m ‘BaCl,

* sensitivity in.eontmt to differences with NE }up_oiu-. Such..:ul‘xm' suggest the

""'_‘of‘l A .

which resides in the linkage of the NE

receptor oct to exeil “eonpﬁnl. ’ :




&

Cbl‘ngs in sensitivity have been reported in tissues protected from hyperten‘sion;

Haisen and Bobr (1975) studied vascular sensitivity in femoral artery strips which

5 P
were protected from bypertetision by chronic obstriction of the Extsrmal iliac
artery. _The contralateral artery y was untouched. Thgyv reported lhal changes in’

X sensitivity -to vasonctive agents were not sltered in strips protected from

}'peﬂenslon The thrwhold doses of agonists reqmred to produce - constrictor

luwer ln ypertensive animals. Golgberg and

Tnggle (IBSO) found that elevated vascular senslhvlty to La.Cls perslsted despite

nnlihypertens_ive thenpy prior to birt!l‘ The question arises as to”the nature of

" the abnormality which gives rise to the observed sensitivity changes.

'

Recent research has pravid;d evigeﬁae that a fundamental abnormsliiy of the
[

. . 5 '
VSM, in hypértensives, resides in its cellular membrane (see review by Postnov &

Orlowe, '1984). The membrane is the cell structure that is in the best p‘ositiun to

* sense enwronmenlal changes for which altered céllular acbmty may be Deccessary.

l’-‘rom i’

"A‘ physicsl or chemical change in the membrané wnb whmh it is in contact. In

view of the éx'.enslve functional vnuahons amongst 'VSM and the !acwrs that

contributé to +this variation (Bell Webb & Bohr, 1984), it is not surpnsmg lhat

most of the !m:tom that act on the b licated in

have been

hypettenslon (Webb 2 Bohr, 1981) 'fhm mclude,

1 nlteratmns in the membrnpe -potential of VSM (Hnrder, Contney, '
Willéms & Stekiel, 1981, Hermsmeyer, 1980, Harder & Hermsmeyer.

. 1083, Cheung, 1084),

an iR

ic view paint, the edvi \meé change can most readxly iduce,
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2. ;ltentmn.u in the eleetmgemc pump (Webb & Bohr 1970),

3. altered membrane permesbll;ty "to .ions (Noon, Rlce & Bnldmanné
1078, Jones & Hart, 1975, Jones, 1082), :

4. increased vascular sodium membrane permeability (Friedman, '1982),

5. decreased membrane slablhly, possibly due. to 3bnarmal Ca?* binding
(Jones; 1874, Zsoter, 1977, Holloway & Bohr, 1973) s

lrrapecuve -of :the pnmse h i tutors impli in hyp

(neural, _ humoral myogemc or Any combmauon thereof), the com.mon
* denominator at the céllular level is an alteuhon in cytosohc CaZt levels in VSM
Since Ca?* plays & vital role in the contradtile function of smooth muscles. from
tiswes %f varying Qttl;cture and function, 'a dys[nnction of its regulation ;nny’ !

Ph ical biochemical

ile state. P

conceivably, lead to an altered <

both direct and indirect, and clinical studies have provided'evidence for an altered

".-CaZ* regulation in hyperténsiof(for reviews see Robinson, 1084, McCarron, 1985,
3 po

Kwan, l?&?b, Lau & Eby, 108§). An alternate theory is based on thescyept of

. altered ‘sodium h is (Bl in, 1977, B in, 1984, MacGregor, 1985a).
3 )

" In the next section altered Ca®* regulation is discussed.

D)
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1.3. Calcium And Smooth Muscle Function.

” Vascular smooth muscle (VSM) is. dependent “on (cs?‘_) for activating " the

. ) , i .
" contractile apparatus (Filo, Bohr- & Ruegg, 1965, Kuriysma, Yushi, Suzuki,

Kitamura & Itoh, 1982, Prosser, 1974, Bohr, 1973. Van Bnemen, 1977), 'Lusl 8s
other types of muscles are (Fuchs, lﬂ74 Fleckenstem. 1677). It has been shown

* that the threshold lnr imechanical activation of the ile proteins_is of the

prder of 10° M, and that hlll achvnhon occurs at a free mhue“ular C
“concentration (Ca? m) of about 10°°M (Filo et oL, wos) Since the free c&* -
}qntent of VSM has been recorded m be :pproxlmstely 10°M [DeFeo & Morgun. '
1085), and the I‘ree extncellular c&lcmm (Ca“m) content sbout 1.5 X 10°M, a
large mwN electrochemmnl gradient is present (Van Breemen & Loutzenhiser, .
1980). This gradient of approximately 8300 cal/mol is poised to Aprovid‘e‘i ready

. 1 s %
source of activator Ca?*. Howevar the ions do not rush into the cells because the

" membrane permesbility to Ca®* is very low [C:ns'._e‘els & Van Breemen, 1975).

- Only during excitation contraction coupling can Ca®* enter the ceILl,o bave any

effect. .

4.3.1. Calcium éntry routes.
« z
In eléctricnlly active'smooth m:xscle, depolarishtion of. the plasma membrane

towards threshold will .initiate uction ,potentials, which generate subrpdiimnl

« contractions. The-:oncept thys evolved thst there was g Ca?* entry pathway

. , o g
that is activated by a decrease in membrane potential. Observations that
'3 5 . : i

exogenoﬁsly applied agonists or could prodycé nf




" " . -
of VSM without depolarising the muscle brah brought |boul the concept of

phunucomechmlcll coupling (Somlyo & Somlyo. 1968s, Su, Bevan & Ursillo,
"1964, Droogmans, Rseymakers & Casteels; 1977). Subsequently two groups
(Bolton, 1979, M;ishui, Hwang & van Breemén, 1080) indepe‘ndently suggested
that separate receptor operated (ROC) and potential operated (POC) C;’* inflax

pathways (channels) exist in smooth muscle cells. Evidence for their exist‘ence is
bumn the following pomu, £
L It has been shown that Cl2+ influx sllmullud by 80mM K* and
. 10%M NE are additive when both modes of activation are applied
. simultaneously to ubbn. aorta (Memhm, Hwnng & van Breemen,
1080). .

. The C-'“f nnugunﬁu, D600, diltiazem and nifedipi lectively
inhibited Ca2* influx, stimfilated by high K* wn.h a- lesser effect on
NE (ll)"M) induced influx (Cauvin, Cameron, Meuhen, Ylmamalo &

van Breemen, 1084b). -
7

. The an*chnnel agonist,Bay K 8644 (Sehumm Thomias, Towart &
Franckowiak, 1083s, 1083b), stimulated aditional Ca®* entry when -

. added to rabbit sorta previously exposed to 10°°M NE but not when

added to those previously exposed to 80 mM K™ (Cauvin et al., 1984).

[

Finally a key pléce of :vlden;:e is provided by'the observation that
lgomsu can produce Ca? entry into VSM without membrane
kers & Casteels, 1077, Cauvin,

-

1085). @

A third route of entry for Ca®* is the 'leak pathway'. - Whether this intrinsic

' . Ca®* leak plays a role in the activation of smootlf muscle has not been fully

investigated. Normally under relaxed conditions this leak is countered by effigient

snd ding ses which maintain Ca®* levels below
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below threshold. Under conditions of impaired Ca®* homeostgtic mechanisms the
" i 3

leak pathway may play a role in activation (l»uizenhiser & Van Breemen, 1983).

1.3.1.1. Receptor.op (ROC) and entlal operated (POC)
’ A
channels. p A
POCs can be acti d upon depolarisation of the b by expe to nw

high K* solution or subsequent to receptor occupation by an agonist. The latter
may occur in tissues where agonists:cuuse both contraction and membrane
depolarisation as in the rabbit mesenteric vessels (Kubo & Hasl;i.m'ow, 1978). It is
gfnenll)’ accepeted that K"-i‘ndﬁced ..contractions depend more‘on n;n inl‘.lu'x of
. Ca“’_ (Frohlich,"hmzi & Dunstan, 1969, Meishe_r‘i, Hwang & van Bre‘emen, 1980)

. than do NE responses, with the latter exhibiting varying dependencies.

In contrast to POC-mediated gonist-induced resp may dépend

. on two sources of C&“, one int‘ernnl; the other external: It has,i)een shown that
i the initial (phasic) response to NE, in aorta, :s less dependent on Cn“"“_r (Lipe & *
Moulds, 1983), than the Oppic respol;se. The slower washout of NE responses, in a
" 0 ca?* EDTA buffer, éompnred to /. eq‘pon;zs (Hudgins & Weiss, 1988), and
lhe‘persjste‘n.cg of a fesponse in preserice of La%*, alt indicate that the agonist
cafises the relesse of an intracellular bound Ca®* store which is limited in size
(Van Breeme‘n, Farinas, Gerbs & McN;ughmn, 1972). Thel wnicyrupom.e, which
follows the phasic, has been attributed to the influx of Ca®* from the extratellular
space and presumlbl‘y enters the cell via the ROC. The dependence of contraction
of blood vessels from different regions- upon extra or intngel_lnlu Ca?* és variable,
e

v - -
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with vessels of smaller diameter being more dependent on extracellular Ca2* than
“ EN
larger ones like the sorta (Sutter, Hallback, Jones & Folkow, 1977, Mulvany ‘&

Nybo.r;, 1880, Cauvin, Saids &‘vnn Breep{zn,w&h, L«_muenhiser, lﬂB’S)A

To summarise, Ca?* may enter ‘,!Ie cell through either POCs, ROCs, (or both)
and by passive diffusion (see Figure. 1-1). The Na?*/Ca?* exchange system is'not
shown in Figure. 1-1.as its xg’le’is not clearly defined (see below). a

1.3.1.2. Calclum h Is: extr 1 and

stores.

In order to ‘maintain Caz"'m. levels below threshold, there exist mechanisms

which either ‘pump’ out Ca®* or bind Ca?* to intracellular organelles.

-

Two mechanisms have been d to exist for extrusion of Ca®*. The first is

an ATP-dependent active Ca* ‘transp, diated by a
Cp“-ATPnse (Morel, Wibo & Godfraind, 1981, Casteels, 1980, Grover, Kwan,

" Crankshaw, Crankshaw, Garfield & Daniel, myﬁn other-is a Na®*/Ca?*

exchange that defpes its energy from the inwardly directed transmembrame
gradient (Van Breemen, Anra‘nson & Loutzenhiser, 1979,. Grover, Kwan & Daniel,

1981). The relative contribution of the two systems is not yet cleatly known. The

_Clz"'-A“l'P-dependznt pump is the one that has been best chéracterised and is

thought to be the major extrusion system. The role of the Na®*/Ca?* sysun‘)

cannot be clearly defined due to its low activity, compared to the

L Ca?t -A’l‘P dependent pump, wlnch present problems in its chsrucvensmon

(Daniel, Grover & Kwnn\ 1982). For recent reviews see (Van Breemen, Aaronson
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2 ,~ Figure. 1-1.

. . W :
Digramatic representationof vascular smooth muscle membrane showing *

various CaZ* entry routes. . .

/
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& Loutzenhiser, 1979, Daniel, 1985, Jones, 1980, Somlyo & Somlyo, 1983, ‘Grover,

1985). g ;i =
v
‘e
The operation of an ATP-dependent Cs?* pump is essential for msintenance of-
steady state Ca2* levels, given the influx of Ca* during & notmal stimulus,
however it is unlikely that the moment to moment regulation of re!uuﬁon is dee
to Ca®* efflux, since relnn;.ion can take place in the presence of La®* and

without a net change in cell Ca>* (Meuller & Van Breemen, 1079). This is d&‘w
sequestration of Ca?* by i lufar o lles. The lasmi iculum? is

thought to be a major physiological site for Clz+m sequestration. Calcium

, accumalation by the ER s an gy-depend p}ocui ported by ATP

(Raeymaekers & Casteels, 1981). The ER may ‘be the intracellular store which
releases Cl2+., ppon stimulation of VSM by an agonist, and contribute to the

initial 'phlsic response. .

Additional sites for sequestration may include the mitochondria, where affinity

for Ca2* is low bu the capacity for binding.is high, as well ‘as passive binding to

the internal aspect of the plasma membrane. ‘Whereas both of these sites may act

as stores, their role in under physiological diti Ca®*___is not

T
fully known. The passive binding of Ca®* has been thought to have regulatory

i 3
Pproperties as regards b bility to Ca®* and other ions (Haeusler,

(X . »
1983). Details of cellular Ca®* homeostatis have been recently reviewed by, 7""0
and Spedding (1983).
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1.4. Altered Cellular Calcium Handling. .
Several studies have been conducted, the results of which are indicni\;e of an

altered cellular Ca2* handling. \

I d myogenic activity has i been observed in arteries from

hypertensive animals. These include studies on large arterie; (Somlyo & Somlyo,

1968b, Noon, Rice & Baldessarini, 1078, Fitzpatrick & Szentivanyi, 1980) andy

small muscular arteries (Brann, Root & Halpern, 1980).

Noon et al., (1978), observed that sortic strips from SHR, not WKY, relaxed in*

Ca®*-free. Locke's m‘e‘w{m/x;i. Subsequent restoration of Ca2* to the bathing media

. elici;.e'd increases in the, resting tension of ‘aorta. from SHR only. In addition the

relaxation rate in a CA_“ free Locke's medium was faster in the SHR strips than
in WKY They in'.elpr‘eted ,lheix ‘ﬁnding: as resulting from a membrqe, which
was leaky to Cn“’.‘MochiFuki, Yamamoto, Kondo, Aoki, Mizuno and Hotta (1979)
.reported that addition of ‘Ca“ to .nortne pl/\ced in normal buffer caused an
increase in basal tension, with&yt any stimulant present, whereas tissues from
WK\Y did 'not develop tensioh. Additional evidence comes from ‘stucllim in whiéf
tissues from hypertensive A‘nimn.l.s respond to nox:?liyaiolog'icnl cations such as
La®* (Shibata, Kurahuchi & Kuchii, 1673, Bohr,; 1674, Goldbérg & Triggle, 1077).
‘Goldbug & Triggle l’ﬂ77i reported tha‘t La%* ipduced responses in sorta from
SHR but not from WKY. This respopse persisted in a ‘0" Ca2* buffer and in the
pr_eui:nc_e of D800, a Ca?t antagonist. Similar responses were A'Iso observed in non

s
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. . ’
VSM from bypertensive animals (Corbett, (;.ioldberg, Swamy, Triggle & Triggle,

1080).

Thge studies are supportive of the the notion that membrane of VSM h-om’SHR

is lesky to ions such as Ca?*. The increased permeability has been linked to an
unstable VSM membrane,” which is depegdant\upon Ca“-binding to the
merbrage (Bohr, 1963). Bohr (1983) showed that,’in isolated blood vessels,

of Ca?*

responses Induced by NE or K* in¢ d with i

up to a Ca"m concentration of 2.0mM : beyond qi:is, Ca?* had an’inhibitory”

effect. Hansen -and Bohr (1975) found that more Ca?* was required to inhibit
responses to K*"in SHR femoral artery strips than in WKY slr‘i‘psi ‘This was

mterpreted ‘as due to deficient binding of Ca?t to the membrane ie. more Ca?*

N

to be leaky not only to-Ca®* but to other ions also (Jones, l\)ﬂ, Jones & Hart,

1975, Jones, 1982).
»

Attémpu to |r‘leuure Ca®* fluxes in & variety of tissues from hypertensive rats
utilising ‘501;“ have had varying results. In SHR aortae, compared to WKY,
A50a2+ nptnke has been repoxted to be increased (Webb & Bhalla, 1976) ox;
. decreased {Zsoter, 1077), whereas the La®* resistant Ca®* influx is either

decreased (Shibata et-al., 1975), or unchanged (Zs®ter et al., 1077]

Defects in the C‘a“k‘l‘P dependent pump‘ku\ﬂd tend to raise Cs“m levels.

- Since this pump extrudes Ca®" any defect in this would manifest as a decrease in

Wwas peccessary to stabilise the membrane in SHR. The m_embrnne is now. thought .
=il 3

A

—




the relaxation rate, upon removal of stimulant, of contracted vessels (Field, Janis
& Triggle, 1972, Coben & Berkowitz, 1676). Decreases in the sctivity of the
pump, reflected as reduced én’* uptake in SHR sortic microsomes, have been
reported by several authors (Aoki, Yl.mnml!ht. Tazumi & Hotta, 1974, Webb &‘
Bhalls, 1678). Similar functional defectshave been reported in plasma membrane
{r:etiom in both sorta (Wei, Janis & Daniel, 1976) and meunteric. arteries (Kwan,
Belbeck & Daniel, 1079)- from SHR rats and rtwo models of renovascular
bypertension (Kwnn, Belbeck & Daniel, 1980). “This defect .exists prior to
developmenl of hypertansmn [me et al., .§1979)mnd is 'also found in’ nonvucular '
smooth muscle (Shibata, Kuchi & Tmlguchl, 1015 Kwan, 1985a). i
Some studies, howner, rel;«;rt faster r‘e‘lmtic‘m in tissues from SHR: for example,
Sv‘mmy and -Triggle (1080b) found that relaxation of maximal NE ind-nud reponse
was faster than that of Kt i;u!uced response in carotid vascular slrips_ from SHR.
Similar l;uu]l'-s were obtained in iliac vascular strips (Swamy & ‘I‘ri‘gle. 1980a).
Shibata ef al., (1973) reported that whereas sortic strips from SHR and WKY
showed similar responses to the relaxant effects of nitroglycerine and papaverine,
temoval of Ca™,, resulted in a faster decay rate of NE- and K*-induced
}upansu in SHR tissues gnly. Pedersen, Mikkelsen and ‘Anderson (iws) found
;hit the relaxation rate of NE-induced ruponse_sl"le  jhoracic sorts from SHR, was
less- than that of k" induced respons.u. following washout of the stimulants.
Hov’vever the l.'au of relaxation in a zero Ca?* buffer'was greater in SHR tissues

activated by NE. Such results could be due to chuga in excmuon-cnntncmn
)
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" contraction coupling such that the utilization of Ca®* is different in the

v

hypertepsive state. Changes in the dependency of NE and K* induced responses,

on p-’*m have been reported in sortae from SHR (Pang & Sutter, 1981,
/

Pedersen, Mikkelsen & Anderson, 1878) and are thought to reflect changes in
excitation contraction couplingr(Folkow, Hallback, Jones & Sutter, 1877). This
change in coupling could take place at cither the ROC or POC (or both) since
influx loccurs through these two pathways. ) )

N

Mulvany & Nyborg (19880) reported an Ca?t itivity in resist:

veuel;, from both young 'and old SHR, but ot WKY rats, when stimulated by
maximal doses of NE. The concentration of C&%* required to elicit a half

maximal response, in the presence of }lE, was lower ‘than that required for K.

. Since the ‘tonic comporent of the NE response depends on the influx of ca¥

" through the ROC, they suggested that there may be an alteration in the ROC of

.
the hypertensive tissues but no differences in the POC. Furthermore this

sensitivity. was found not to be affected by chemical denervation, which lowered

blood pressure in both SHR and WKY, gesting that the i d itivity to
Ca?* was probably due to intrinsic diﬂel:en(:es in the VSM membrane and not
af}ectegi by blbod\pressuu or neurogenic influences. This may indeed be the case,
however, studies with a group of compounds, which inhiBit Ca?* influx, sppesr to

offer some evidence that a change in the POC should also be considered.

o ] .




’ somewhat'more selectwe for smoo';pw:cl_e (see review by Heuary, 1980).

1.5. Calcium Antagonists.

The description of :Ee activity of the calcium antagonists (CATS) (also known as
Ca?* channel antagonists, slow channel blockers or Fn” entry blockers) owes
mnch w0 the pioneering -work of Fleckenstem- who r\ecogmsed the ability of a

number ol’ p namely ,' il and prenylamine’ (snd

subseq tently nifedipine and diltiazem) bo mimick the effects of Ca?t withdrawal

* in cardiac tissue |Fleckenste|n, 1984). It is now known that the CATs achleve

their- ncgntlve inotropic nnd coronary vasodllatory e[fect by bloelung the slow
Ca2* current (Fleckenstein, 1077, Fleckenstem. 1083). These compounds are also

bolent smooth ml‘niclet rql;a?tanu (Fleckenstein, 1977, Triggle, 198«).'

ot - v .

In addition to their strucwrall 7diyersity they also exhibit tissue seiectivizy.- For
example verapamil has a greater negative .cbronotropic action O;‘l cardiac tissue
thnn does mfedlpme (a 1,4 dihydropyridine); the latter is selective more towards.’

penpheral VSM Diltiazemn affects both cardiac and smooth muscles and ‘is

Despite such dil’ferences they achieve their main eﬂ‘ect by inﬁibiting Ca?* influx.
It is generally believed that the compounds exen theu relaxant effect by mhxblt_ug
Ca?* mobilization through POC and ROC.' The observed high aensmvny o(

K"-lndnud responses is in contrast to theyvariable sensitivity (_axhlbll,ed by

sgonist-induced responses (Triggle & Swamy, 1980, Cauvin, L;:ptzel;hher & Van

- Breemen, 1983). The observation that K™ -responses are more, sensitive to CATSs is
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With the di risati i g POCs. The varying nnsnwny

observed wnh ugomsb-mdnced responm pmln.bly reflects different Cl“
mobdmtmn routes for the reepmue, Whlch vary I'rom tissue. to tissue and vwsel to
vessel (Cauvln, 1'985 Cauvin & van, Buemen, 19&5) and can be predicted to

reflect the vn(rymg nnhmmn of POC: ROC: nnd imternal sources of Ca“

The exnct mode of i ction of the st with th"‘- nnel is mot known

'Fhe “setion of vempamll at leust ‘in cardiac” muscle, is known to be 'use B

ependent' (e the potency of CATs is increased ll the muscle is depolnnsed],

‘. _nnd 1 probably dm not involve mmple plugging of calcipm channels (H&s, Lnusmln

& Tsien, ‘984, Rguter, 1983). Their mgm site of ucuop\ls the membune of the

VSM ss these drugs lose their potency in skinoed muscle prepsrations (Janis &

Scrinbiue, msai A number of r‘eviewg have been yublisliel‘i'(Si‘,one Antman, Miller
& Braunwald, 1980 Cauvin, Loutzenhuer & Van Breemenmsa Km. Hager,
Messino & Pupp\mo. 1080 Bou, Llenas & Massingham, ]ll84 Tyggle. 1984a, Katz,

1985), which cover in more detail the pharmcolosy, mechanism of action and

glinicul applications -of CATs, wl:ich cannot, lpy obvimis reasons, be‘ cove_red in

thi.s thesis. “

>Apsr'l. from their clinical ap))licntions, CATSs have lleen used 13 tools to examine

calcmm channels in nerves ‘and rnuscle (Renter, Porzu,.Kolmbun & Prod’ lnmy

1985). It is studxes with CATs llm'. suggat a lundamental duorder in

hypertenslou may lm rellted to‘one main site of pctlon that is, the POC
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' 7 Clinical investigatios of the .CATs, especially nifedipine, have ldicated that

they are effective antihy /P ives (Aoki, M FILI ki, Yoshida, Kn’b. Kato &
Tl.kikswn,‘IWS‘, Aoki, Kawaguchi, Sato, Ko,:do & Yamamoto, 1982, Pedersen, ;
Christensen & Ramsch, 1980). These studies indicate. » conlmting‘hemodyn;mic
eﬂm.ii that the{ blood pvxumre,\rin‘hypertenuiv%s is reduced significantly, wher’eas

blood pressure is vjriually unchapged ib pormotensives. Tn animnl models of T "

- - ‘,,, e i ,'snimil:r "‘ ial sensitivity has also been ohserved both inSHR'
(Ishii, Ttoki '& Nose, mso) s1d Dabl Salt ‘Sensitive hypertensive and morfnotensive
rats (Slnrml, Fernandez, Triggle & La.hei, 1984)‘. It has also been demonstrated i (,- X
. that lheu is an enlianced vasodilstion d\mng caleiumd chsnnel bluckade wnth
verapamil in h\lmlﬂ essential hypertenﬁmn (Hulthen, —Bolh. Amann, Kiowski & :
Bubler, 1982). This va.sodlmory effect is apparently related directly to the level
g _of the blood pressure. If the blood pressure is Engher then the antihypertensive
g elle;t (is grenéer (Bubler, Hulthen, Muller, Kiowski P Bolli, 1982, M;.\‘ccleggr,
Markandu, Rot:lln, Smith & Sagnella, 1083). Such results suggest that there may
be an altered function: of calcium channels in »pro'vid'mg tlm raised intrlccilulnr

calcium levels necessary to maintain the i.nclgsed tone of VSM in hypertensives. i

The suggestion, based on an enhanced Ca?* itivity of

vessels stimulated with NE, that it is, probably, the ROC which may be dtgred .
. (Mulvany & Nyborg, 1080) reflecting either an. incresse in populslio;z or dilfering
affinities !nYcium in SHR does not seem to ‘be in congruency with the observed -

high sensitivity of the !("' induced responses to CATs.




‘1.8, Objectives.

The bjectives were to, d ine  the it of NE- and K*-mduced
‘mpnnsa in the rat tail artery w nn‘ednpme at both EDg) and ED, g doses of
stimulation. Previous studies in mms\ng sens:twny of agonists to CATs have used

dither maximal or aill it is documiented that st such

doses the observed sensitivity does not reflect the true sensitivity (Cauvin et al.,
1083). ' ' -

I also wished to see if an enhanced sensitivity vto Ca2* was evident it the rat tail

artery when stimulated at boqh naximal and sl!b_mnxin?al doses of NE and K*.

Iriuchijima (1080), showed that nifedipine, - administered i.p., & & dose which

produced & matked fall in blood pressure, in'SHR, bad 1o effect in the

normotensive controls. Similar differences were seen in Dahl hypertensive rats i\

studies where nifedipine was acutely (iv) administered (Sharms et al, 1984).

Therefore it is of interest to study. the acute effects of nifedipine if” anesthetised '

SHR, WKY and Wistar rats.

Nitrendipine, sn "analog of nifedipine, }rs been tritiated snd since its availability

bas been widely used for ndlullgnnd binding utudlu Binding studies have .

N revealed that these compounds hind with high affinity to VSM plassma membrane
_fractions (Triggle, Aguwal: Bolger, Daniel, Kwan, Luchowski & Triggle, 1983):
o ¥ * This is supported by ‘good correlation with IC‘“7 values obtained from functional

studies snd by antagonism - by other calcium antagonists léolger, Gengo,
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Klockowski, Siegel, Janis, Triggle & Triggle, 1983, Triggle, m‘ab)‘ Nitrendipine is
thouBht to bind to a part of the Ca2+ channel (Triggle & Janis, 1984) snd it was
X the intention to see if binding cinu‘:winiu (K3 and B ) were any different
between tail lr‘ury obtained from SHR aod WKY rats.
& -

- The tail artery was chosen s it hss some properties of resistance vessels

{ (Cheung, 1982) and s smaller diameter compared to the large conduit vessels (eg.
g ) used in the majority of studies where effects of CATs were assessed.
v e . -
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Chapter 2
METHODS AND MATERi.ALS

'2.1. Animals. C 3 /
leg spontaneously h\ypertensi\-!e rats (SHR) and Wistar Ky;)to rats (WKY), age
9 weelw, -were purchued from Charles River Canada Inc (St, Constant, Quebec).
Thuz rats were denved from the original NAhontl Institutes of Helllh"nlo:k .
obtuned from Kyoto University where the strain was developed (Oksmoto &
Aoki, 1963). The animals were used for the in vitro, "‘, vivo and radioligand

binding studies.

The rats were housed in the animal quarters of the Faculty of Medicine,

Meritorial University of Newfoundland

under minimal disease conditions, three

rats to a cage. ‘The rooms had'a 12 bour light, 12 bour dark, litht cycle with

and e.

2.1.1. Rat food and water.

-
At all times, the animals had free access to (ood and water. The SHR and WKY
rlu were' led Purina th.Chow (Chnles Rwer lnc, Monlrea.l)
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% 2 . 1/
2.2. Blood Pressure Moiiitoring.
2.2.1. SHR snd WKY rats.
Systolic and diastalic blood pressures of these rats were directly messured by
{emoral artery cannulation just prior to sacrifice, for fn vitro stqdm and for

continuous measurement (in vivo st\ldy)
&

" Rats were anesthetised with sodium M{Somotql 35mg kgl ip.).

The\t ‘were then placed on a henung pad (3’I°C)rw!ﬂ1‘h was thermostatically
control;]d by a control module (Harvard Appu'atus). ‘The fe orsl nrtery was
exposed and cannulated with polyethylene tubing (PE 50)." After cannulation,
0.5ml of heparinised saline (1% v/v) wa.s injected into the artery, to prevent
clotting at the tip of the cannula. Blood pressure was recorded, continuously, vis a

pressure transducer (Statham P23AA or P23]]5]I on' a Beckmann Dynograph

_-tecorder (Model IR4111) or a Gould (Brush 220) recorder. The arterial cannula

and the transducers were filled -w.ith heparinised saline. *

. 2.3, Experimental Procedures.

2.3.1. In: vitro se:sltlvity to nifedlplne. ’

d rav&a were

Anestheti

ificed by cervical dislocati The dorsal tnil'a}ter)"
was exposed, carefully removed and plsced in warm (37°C) oxygenated

physiolo@cd salt “solution (PSS). Under a magnifying glass, connective tissue

adhering to the artery was removed carefully, care being taken not to stretch the

artey,. v } ~




kL)
After clesning the artery, 2-3 mm ring segments of the proximal emd of the
vessel were cut. These rings were suspended between two ‘L' shaped hooks.

These isolsted preparations were lnspended,ii.n pairs, in 25 ml double jacketed

organ baths ining Krebs bicarb buffer maintained st 37°C and aérated
with 95% 0, and 5% CO, gas mixture. The pH of this buf’[’er was between 7.35
and 7.4. The tissues were subjected to a preload tension of 0.5g . One hook was
mchored w a fixed point in the bath whilst the other was connected to & .lurce
tnnsducer (Grass FT 03C). lwmeme tension was recorded on either 8 Beekmmn

R-611 dynograph or a Grass 7D pnlyxrlph

2.3.2. Calclum sensitivity.
Tail artery ring segments were used in this study and were set up exactly as

described sbove (see section 2.3.1.).

23.3. In vivo sensitivity to nifedipine. ' \
Animnk were anesthetised with sodium pentobarbital (35 mg kgl ip.) and the

femogal artery cannulated, for blood pressure as aboy {

‘section’ 2:2.1). ‘The femoral ve‘;'n was, cmuln.ud with PE 50 tubing. for drug
infusion. Rats wnh syutohe pressures equd mo or above 17Qmm H; (1 mm

Hg=133.322 Psa.) (Sl-[R) and systolic pressures equal to or below 140 mm Hg

‘(WKY and W'uur)_ were ng:d in this study. Mter nlnnnmlon, the blood pressure

was allowed to stabilise befdre any drug was ipfused. Any clotting at the cannula

tip was cleared by rapidly forcing h‘epuiniued ssline (0.1ml) into the arterial

-cannula.
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3.3.4. Radloligand binding asssy:
7

3.34.1. Tissue preparation.

"Tail arteries from old (>18 wk), male and femsle, SHR and WKY rats Were
re}:‘%ove‘d sfter sacrifice by cervical dislocation and placed in ice cold (4°C) Tris~
HCI (50mM) 'bll“ﬂt ‘When scin:e denervstion was done, tissues were placed in
warm PSS (see sect. 2443). The arteries were then fastidiously clesred of
adhering fat and connective tim‘xe. The tissues were blotted on filter paper and
the weight determined using a Mettler balaace (Model Hs4). Aner wuglnn;, the
tmuxl were plnced in 10 vulnmu/gm wet weight tus\le of ice cold Tm-HCI buﬂ’er

and finely minced with scissors before homogenisation.

2.3.4.2. Homogenisation. . >

Acrude bomogenate of the tissue-was prepared by homogenising the tissues with
~a Polytron PT20 (Brinkman- Instruments, WW.Y.) homogeniser, giving
two bursts of 14 sevconds duration at a rheostat seuinlg of 7, with 10 up’ and down

strokes.

2.3.4.3. Membrane preparation: '

The was then subj d to & modified stepwise dii!erenti_al
centrifugation procedure (Kwan, Belbeck & Daniel, 1979), schematically shown in

Figure. 2-1.

The homogenate was centrifuged at 1500 X g for 10 minutes, to remove nuclei,

cell debris and unbroken tissue. The pellét was discarded and. the post nuclear

supernatant (PNS) centrifuged at 8000 X g for 15 minutes in order to sediment
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The mit dri pellet was discarded and the supermatant

subjected to s 105,000 X g spin for s 45 minute period. The supernatant from

this spin was discarded and the pellet, containing the plasma membrane enriched

- microsomes, m\lspgnded in sbout 2.5ml ice col:a Tris-HCI buffer and gently

homogenised to give s protein density of 0.1-0.35 mg/ml. Aligouts of the PNS
and the pl‘aémn membrane enriched microsomes were stored, at 4°C, for marker
enzyme assays on the same day.

2.3.44. Ensyme marker assays.. . ’ . .

In order to sssess the purity of the micmso!}im, enzyme marker assays were
conducted on the PNS and the microsomes. 5‘-Nucl’eoﬁdhe (5'ND) (Kwsn,
Belbeck & Daniel, 1070) and Phosphodiestersse type I (PDE,) (Touster,Aronson,
Dulsney & Hendrickson, 1970) are enzymes which mark for plasms membrane.

5'ND activity was assessed using s Sigms biagnostics S'ND reagent (Sigma

Diagnostics Kit¢ 265-2). PDE, activity was measured by determining the p- i

nitrophenol released from the ester sub thymidine §" hosphate p-
nitrophenyl ester.

. Protein determinstion.
The amount of protein jir"the plssma membrane enriched microsomes was
determined by the method of Bradford (1076) using bovine serum .slbumin as

standard.




* Figure. 21, ‘e

Schematic diagram of the differential centrifugation of rat tail arteries.
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_CLEANED ARTERIES
HOMOGENISE WITH POLYTRON

CRUDE HOMOGENATE

POST MITOCHONDRIAL SUPERNATANT

Centrifuge at 105,000g X 45 min

SUPERNATANT

(14 sec at setting 7)

Centrifuge at 1500g X 10 min

POST NUCLEAR SUPERNATANT
(ps)

Centrifuge “at 00y X 1% min

PELLET |
PELLET
Plasma membrane enriched
. fraction

Resuspended in 2.5 ml ice
cold Tris HC1 buffer

USED IN BINDING

~N
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*2.4. Experimental Protocol.

3.4.1.In vitro sensitivity to nifedipine. ,
This lludy wn performed with tissues from the louowmg nmmals 11-13 week

old SHR (zzs 310g) and WKY (196'- 306g).

With the SHR and WKY rats only those animals which had systolic pressures
sbove 160 mmHg (SHR) and below 130 mmHg (WKY) were used.

The initial protocol of this study was to equilibrate the tissues for a period~of 00
minatis at & preload tension of 0.5g.” During this period, the PSS was replaced
- - :

every 15 minutes and the tissue adjusted such that it wss subjected to & preload

tension of 0.5g. o -

ffect

After the “initial equilibration period s

relationship (dose-response curve) to norepinephrine (NE) (5 x 16°M. to Ix

a P
lO"M}'wu determined. After allowing for s 60 minute recovery period, during

; £
which time ch{ﬁunu were wuhed_al least three times, the tissues were exposed .

“to cocsiné (4 x 10°5M) and propravolol (1 x 1077 M) for 20 mindtes. These
.

i

‘were previously shown to imally inhibit, uptske I and

preceptor mediated relaxations (Triggle & Laber, 1985) in the rat tﬁl srtery,r -

second dose-response™curve to NE was determined. From the sev:tmd"1 curve, EDg,

iy § z . |
(median effective jon) and EDlon (maximal effective ation)
i i3

v{l.luel of N'E were extrapolated. After s further 60 minute recovery‘ period. (with .
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at least thu: washes) the same concentrations of cocaine n.nd_ _pmpnnolol were
added for 20 minutes and responses to either EDgy or ED,,, obtained. The
response was recorded for,a period of 10 minutes, after which the tisuues were
washed. The whole prAhu-e was repeated until the responses were cons'ustenl‘
(usually by the third response). These responses were gaken s controls.
~Nifedipine (bath concentration in a range of 1x 1019874 1 x lD”lM) was nda;d
to the organ baths, for a period of 30 minutes. The baths were covered with
" alumisium foil and the experiment condueted in subdued light conditions. (At the

end of the 30 minute nifedipine incubation peri@, and in the presence .o! cocaine

and p;aprmolol, the tissues were stimulated with either their respective EDM o

ED o levels of the agonists. The mechanical response was recorded for a peried of
10 minutes. The tonic component of this response was measured, in mg tension,
* at the 10 minute period and related to the tonic response, after 10 minutes, in the

control responses.

uA similar"prowcol was used for responses to potassium (K*). A dose- response
curve was determined to K™ by replacing the PSS with PSS containing 10 to.80
mM K*. The depolarising buffers were all isotonic (by equimolar substitution of
Na* by K*). A second dose-response curve was obtained and the EDy, and the
ED;o@wels determined. After a 60 minute recovery period (with at leaat three
Awnghu), the tissues were stir;lulnted writh either ED‘,)o or EDIOO of K*. This was
done at 1 hour intervals until mnsisungrrespomu were obtained. Nifedipine was

added to the organ baths, one concentration per bath, for a period of 30 minutes




\‘, and the response to either EDw or EDmo re-determined. The tonic response, 10
minutes after stimulation, was r-elnted to the fesponse in absence of nifedipine.
These studies were conducted in the presence of phentolamine (1xM), in order to
_ block the effect of NE released from the nerve terminals by th; high k"‘

.‘ depolarising blfﬂer. ) .
. 2.4.2. Calclum Sensitivity .

This study‘was performed on tissue from 11 - l&wee'k old male SHR (208 - 250g) °

and WKY(220 - 2?05)‘::&. “Only those aniféls with systolic pressures’ above <')r>
equil to 160mmHg (SHR) and below or equg] to 130mmHg (WKY) were used.. .

. . ‘
Tail artery ring segments were set up, as described above. The protocol

ployed was similar for d ining the EDw and ED, o values. After consistent

\6
responses were obhmed the tissues were quickly washed twice wnh ‘Ca*-free

PSS’ and then maintained in ‘0 sz"' EGTA PSS’ contgining phenlolamme (Kt .
\ g,

) or cocaine nnd rop lol (NE ' for a period of 20 m)'n'utes,’
The tissues were then stimulated with their respective agonists. NE was added to
the bath in pruence ‘of 'D Cn“‘ EGT/X PSS' and the respouse, if any, recorded.
K"’ induced Tesponses were obn{ed by replacing the ‘0 Ca®* EGTA PSS’ with |
- an isotonic depolarising PSS containing neither an*‘ nor EGTA. The tissues were
then washed 3 - 4 times with '0,Ca** EGTA PSS to mop up Ca®* being extruded

from the cell.
.

+ To assess the calcium sensitivity, the tissues were then maintained in ‘Ca®*-free
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PSS’ fo; 10 minutes and again activated with NE or K* at EDjy or ED,og. After

5 mmut.es responses were obtained to cumulmve addition o! s (5 210°M - 1

x lﬂ'zlvl) Respa were lised to the i n response.

The effect of nifedipine on calcium responses was assessed by a §milar protocol, '

After control response -curvu. were obtained, the tissues were exposed to varying

of ni _ i ‘oiza i per bath, and the calcium

responges redetérmined.‘ For this study, tissues were activated Vith maximal doses
. of either NE or K*. The response to caleium in presence o!’nifedip'me was related

to the mniumllm response obtained in the control curve.

2.4.3. In vivo sensitivity to nifedipine

This study was performed in” male r_SHR, WKY and Wistar rats at three )[;
groups: 5 week old male SHR(60-01g) and WKY(75-83g), 11-13 week old SHR
(332-370g), WKY (231-200g) and Wistar (3}2—‘703) and in 20 week and older SHR

(317-400g) snd WKY (345-405g). Animials with systolic pressutes above 160

|.-ang (SHR) and below 130 mmHg (WKY and Wistar) (11-13 and >20 wé*old

“rats) were used in this study. >

Prior to mfedlpme infusion, control respunss' to the vehicle, which contained

30-35% et,hnnol (v/v), 5% glncose (v/v) nnd l% Tween 80 (v/v), were obtained

" thrice, at 5 minute intervals. Att_ernpu to dissolve’ mfedlpme in 8 vehlcle

conlliﬁing about 10% ethagol were unsuccesgful. Thelao% -ethanol (v/v) was the

- 'minimx_nm amount required, or the drug would precipitate out‘. ’

&
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The effect of vehicle was to increase pressure, iﬁmediuuli after inl\‘uion, by less
than 10% of the resting pressure (both systolic and disstolic).

v »
Nifedipine was diluted from a stock solution (100% ethanol) to the required

concentration with the vehicle prior to infusion. The drug was infused into the

venous cannula’ in volumes of less than 0.10 ml, using a Hamilton Syringe, and

cleared with saline (0.15 nﬂ). The length of the cannula was such that the volume '

of the diug, in that length, would be about 0.10 ml, thus ensuring that all of the

drug would be clenred from the cannula. The immediate fall in pressure was

noted and related to therpre-infusion pressure. After 5 minutes the second dose of ~

nifedipine was infused and the pressure change related to the pressure prior to the

second dose. In this manner, nifedipine was' infused, at 5 minute intervals at the

. following. doses: 0.01, o0z, 0.4, 0.1, 0.2, 0.4, 0.8 and 1.0 mg Kg , ond the’

pressure drop related m the pressure prior to each dose.

All the infusions were carried out in subdued light conditions and nifedipine was

* kept in aluminium foil covered vials.

2.4.4. Radioligand binding assay.
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3.4.4.1. Binding assay.
Radioligand binding was done in thsplnmn membrane enriched microsomes.

PO B W

All assays were in and.were performed-on the same day the

microsome was prepared.

Membrane protein (15 - 42ug) was incubated in a total volume of 2ml incubation
medium containing Tris-HCl (50 mM) buffer (pH 7.4) at 25°C and increasing

of SH-nitrendipine (0.05 . 125 nM), for 45 minutes.

3H-Nitrendipine was ‘lreghiy diluted from stock solution with ice cold Tris-HCI -

buffer. The incubation was e;rried outin a gyr;wry shaker water bath (2’5"0)‘.

The reaction was terminated by rapid filtration of the mixture under vaccum
through Whatman GF/B filters positioned on s 12 hole cell harvester (Brandel
Cell Harvester, Maryland.). The filters were washed twice, under vaccum, with 5
ml portions of ice ¢old Tris-HCI buffer. “The filters were placed in scintillation
vials and dried overnight at 37°C. 10 mls of aqeous sintillation cocktail (Formula
983. NEN Research Products, Boston) was added to the vials and left to

equilibrate for 1 hour at room temperature. The filters were then counted in a

Brinkman (LS 9000) liquid scintillation counier at an efficianty of 44% rmined

against external standards.

Nonnpui@c binding was determined*by the addition of 2.5 x _IO‘GM unlabelled
nifedipine to & duplicate set of tubes. Nonspecific binding was {ubgn'cted [‘rpm

total binding to tissues snd filters to obtsin specific binding.
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SAIunti&n radioligand binding curves Were n.nsly‘ud by the method of Scatchard

(1949), where the linear regression lines are drawn by the least square methods, on

an Apple He using a analysis package (Tallarida &
Murray, 1981) From the above, the K,(aM) of the radioligand and the B, (fmol
mg! protein) were determined. . :

2.4.4.2. Ensyme Marker Assays N

5'ND. utiw"it)" was assessed by an enzymé¢ kinetic method- u' described by
B Arkesteijn (1976) using a Sigma Diagnostics 5'ND Kit (# 265-2). - The method

detects the rate of fon of nicotinamide adenine dinucleotid (NAD), which .

2
added to equilibrated (at 30°C) 5'ND reagent (0.85 ml) and the decrease in

beorb

a decrease in at 340nm.” A 10041 microsome aliquot was

absorbance at 340nm messured on a marrow bandwidth (dusl recorder)

. hoto (Model. Beck . Model 25). PDE; activity was measured in
—_ a total volume of 1.1ml containing 0.9ml of 0.1M glycine buffer (pH 0.02) with
" - 104l of 2mM ester substrate (thymidine. 5'-monophosphate p-nitrophenyl ester).

To initiate the reaction, 10041 o( PNS or microsome was added. The rate of

B 5 hate h a . h rmined
increase in ab due to P 1 was d on the same

" spectrophotometer as for the 5'ND activity but at 450nm and 37°C.
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2.4.4.3. 6-Hy y D (6-OHDA) T'r:

Since H-Nitrendipiné is known to bind to neuronal tissue, we wished to khow
whether scute denervation of the nerve terminal would have any effect 1;11
bindihg.- The arteries were denervated in vitro, using the method of Aprigliano
and Herlﬁsmeyer (1976a) . Cleaned lsi! arteries were exposed to a 300ug ml!
concentration of 8-OHDA dissolved in an unbu{fered e,lee‘trolyte-solntign (PSS but

NaHCO, and KH,PO, omitted), containing 20uM glutathione, (which acts as an

sntioxidant), to bring the pH down to 4.9, for a period of 10 minutes. The tissues , L

were then allowed to recover in PSS (pH 7.4), bubbled with 85% 0,-5% CO,, for B

a period of at least 2 h?nrs, when they were used for binding. Pilot studies had

confirmed that after such a treatment there was mo response to either ‘field

\
stimulation or &ogenous tyramine. .

2.5. Composition of buffers.

- The physiological salt solution (PSS) used:.in the in vitro studies was a Krebs

bicarbonate buffer of the lollowinf?osition (millimolar):

. NaCl . i ‘18
©Kel - " 47
NaHCO, : 125
CaCl,2H,0 % ¢ 18
KH,PO, ] b2
_MgCl, 12
Dextrose 1.1

The ‘Ca?*-free PSS' used in the culcinmrquitivity study was the same as above

with CaCl, omitted. ‘0 Ca?* EGTA PSS' was the same as above except that
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tetracetic acid (EGTA) was included. ‘Ca’*-free K-PSS’ contained known

= ~
amounts of K* .eqmv{:l:nt to EDyy snd ED, . -

The unbuffered electrolyte solution was the same as above except that NLHGO_,’
and KH,PO, were omitted.
TrisHCl (50mM) was made by dissolving' 12.114 gm of Tris (Tris
+ )
(bydroxymethyl] aminomethane) in 2 L of double distilled water and bringing the.

pH to 7.4 by the addition of mncentr:iey‘

) 2.6. Drugs and Chemiecals, - -~
Nifedipine was genercusly d;mlted Ly Bayer Pharmaceuticals, W. Ge}-mnny and
was dissolved in 100% ethanol, u stock wlu{ion and diluted as required.
[sfl‘l-Nitrendipine, ‘

2,6-dimethyl-3-carboeth PO (’H)—‘—"(’ itrophenyl)-1, : &

dibydropyridine (specific activity, 74.4 Ci/mMol: 1 Gi = 37 x.10°'° Becquerels),

was purehued from Neéw England Nuclear (Boston, MA). It was stored protected
’
‘. from light at -20°C, and used within 2 months of purchue

1N . onhri Kodrashlorid, & (-A n b

Co, St, Louu, was dusolved in 0.0IN HCI as s 107 M stock solution. This stock

d from Sigma Chemical

© was dduud a r-qmud in deionised water and kept on ice. All other drnp were

And dissolved in_ "' ised ‘water: Cocnlne‘HCl (BDH Chemicnls

Torgnw), Phuntolumne (Regmnc HCL. Ciba Geigy Corp, NJ), Tynmme (Sigma,

St, Louis) l.nd bhydroxydoplmlne (SIIIIII, S'.. l.o\us) - .

- -
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Other reagents (and sources) were ‘as follows:

Bovine Serum Albumin(BSA)
Caleium Chloride(CaCL,3H, 0)
Dextrose (D-Glucose) )
EGTA.
Glutathione (Reduced)

" Heparin (Sodhuix: Injection)
Hydrochloric Acid

Magnesium Chloride(MgCl,)

Poussinfyphate(l(ﬂ??o‘)' b

‘Sodium Bicarbonate(NaHCO)

‘Sodium Chloride(NaCl)

Sigma Chem Co. St. Louis. MO..

1.T.Baker Co. Phillipsburg. NJ.

BDH Cliemicals. Toronto.

Sigma Chem Co. St, Louis. MO
Sigma Chem Co. St. Louis. MO.
Allen & Hanbury's. Montreal.
l“‘ischer Sgientiﬁc.

J.T.Baker Co. Pl{ﬂlipshurg. NI,

J.T.Baker Co. Phi;lipsburg, NJ.

1T Baker Co. Philljpsburg. NJ. -
. IT. Baker Co. PhﬂM

Sodium Pentobarbital (; 1)
Tris-HCl

Tween 80

2.7. Statistical Analysis.

Where indicated, results are expressed as the mean + 1 standard- error of the

mean (S.EM). ]

The 'Cso values. (concentration of nifedipine which inhibits the maximum
response by 50%) for'the in vitra nifedipine sensitivity study were determined by

linear regression analysis as outlinéd by Sokal and Roblf (1069). .

M.T.C. Ph:
Sigma Chem Co. St, Louis. MO.

J.T. Baker Co. Phillipsburg. NJ:

-
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The calcium sensitivity study was analysed by determining the w values for
the calcium dose-response curves by probit transformation. The nieans, here, are
mre-ei 8s the geomnc means. Tests of significance (Slnd)!—'d .5 test) :ven ~
done on the log EDg, values and the geometric means rather than the arithmetic
means (Fleming, Westfall, De la h.nde & Jella, 1972) using s statistical analysis

plchge ('I‘l.llmdn & Murray, 1981) on an Apple He computer. &

The in vivo data were tested for dilferéncu by usin;‘ the Szudgnt's t test and in

the case of the 10 - 12 week age group, the means were compared, at each doge -

‘lavul by a oneway nnl:yuil of yariance. Dﬂfafénces were considered to be

significant at the P < 0.05 level (Scheffe's test).

¢

“w
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; Chapter 3
RESULTS

N

3.1. In Vitro Sensitivity to Nifedipine.

3.1.1. Blood pressures of rats.

The blood pressures (mm*Hg) of male, 10 - 12 week old SHR and WKY rats are
‘shown,in Table. 3-1. The systolic (185.0 & 4.8), diastolic (144.0 :l: 4.1) and mean
arterial pressure (MAPj (158.5 + 3.8) of SHR were significantly -different (P <

‘0?5) from corresponding values obtained in WKY control rats:

3.1.2. Effect of cocaine k;n NE.dose response curve.

In tail artery ring preparations, from WKY, and in‘ the absence oLcocAin‘e, the
mean El?waor NE (7.6 x 10'7_ + 1.44M) wm; not significantly different from the
mean ED, in, SHR tissues (141 x 10% & 1.37M). In both WKY and SHR, cocaine

, caused a leftward shift in the dose- réponae curve (Figure. 3-1) for NE. The EDy,
values for NE in the presence of ;:ocaine were not significantly different hegween

. SHR 'and WKY. (Table. 3-2). Th’ae values were a_la‘: not sixniﬁéw different

when compared to the pre-cocaine EDy, values. It should be mentioned that these

studies were done on a limited number of. tissues and all other tissues were -

au‘bs.equently exposed to 4 % 10°M cocaine from the the very begining. The NEK

dose-response curve for all tﬁ-uu are shown in Figure. 3-2. The potassium (K*)
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dose-response curve for all tissues are shown in Figure. 3-3. In both cases, the

W§Y tissues were more sensitive than the SHR tissues, bul this aensmvlty

difference was not significant (Tnble 3-3).

.3.1.3. Chisracteristics of responses.

The responses to maximel (ED,,) stimulation by NE (5 x lO""M) was

characterised by a fast transient phasic component and a slow tonic component

which was sustsined for at least 10 minutes. The response t0 a submaximal

(EDgy) concentration of NE was' smaller in magnitude, characterised by a phasic
comi)ox':ent ‘which took longer m‘reuh u{n;timum than the corresponding rapon‘se,
in the ED, o, stimulated tissues. The tonic component of thi;r\u/yse was also
sustained for 10 minutes although it tended to. diminish (fade) somewhat and wes

not as well

as the tonic in the ED, o, stimulated tissues’
(Fiél'.ll'!. 3-4). Expogure of rat tail arteries, in the presence of the a-adrenoceptor
blocker, phentolamine, to an isotonic 60 mM K* (EDyqg) slution induced’ a
biphasic contraction, consisting of an initial fast, lrnnsie!lt,eofnpon&:lt and an
ensuing slow, tonic component, which in some tissues had 8 tendency’ I?, diminish
somewhat over the ten minute period.-The reeponse in timle/ stimulated at the
(K"‘) level was less in mngmtnde and a slower development ol the phasic
component was evident. The tonic component was, like the EDg, response to NE,

less Well maintained. . .

]
i
1
i
(
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8.1.4. Effect of nifedipine on NE and K* induced responses. -

Nifedipine inhibited the responses of the tail artery when stimulated by either

NE or K*. Sample tracings of the effect of-nifedipine on responses, elicited by NE

and K* are shown in Figure. 3-5. Ffom thesé. it is apparent that the sensitivity of
L

vessels stimulated by K* is greater than that of vessels activated by NE.

The ICyM values are shown in Table. 3-4. From the ICy, values it is apparent

that the inhibigory effect B nifedipine was more pronounced in the vessels which °

. were stimulated by K*. The sensitivity of the vessels' activated by NE were

significantly (P .< 0.05) lower (at least one log unit) than K* activated vessels.
K* activated vessels (ICW= 39x 10 “'M) from SHR animals appeared to be even’
more sensitive(74 times more) to_nifedipine than NE activated vessels (ICy= 28

x 10°M)at ED. 100 levels.

- -For vessels .activated by NE there was no significant difference between the

to nifedipi u{h‘en i at ED ;o or EDg, levels.

In SHR vessels activated with k‘*, thie nifedipine sensitivity was higher (about 3

-+ 161d) 8t ED,q (ICsg= 3.9 x 10°'°M), than at EDg (ICg;= L1 x 10°M) x 10,

¢ , . e
however this difference was not significant. Vessels from WKY animals exhibited

almost similar ICy, values.

‘There were no significant differences in nifedipine sensitivity between SHR and

WKY tul artery activated with either NE or K*. °
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Table 8-1: Systolic, Diastolic and Mean Arterial
Pressure of 10 - 12 week old male SH
and WKY rats.

/
SYSTOLIC DIASTOLIC MAP

mmHg -, mm Hg mm Hg
\
i ~ ! N
WKY (n=17) 1162 & 3.6 86.0 + 4.8 96.0 + 4.0
. .
SHR (0=17) 5485.0 + 48 1440 & 41° 158.5 + 3.8°.
. ‘

MAP = (Systolic pressure + 2 Diastolic Prmure)/ﬁ

a = Significant difference (P < 0.05) (Students ¢ test) b;tween WKY

and SHR.

-




_* ™ Figure. 8-1.

Effeet of cocg_ine on norepinephrine dose-response curves in 10-12 wk old
male SH and WKY rats. Tissues were exposed to cocaine (40uM) for a
period of 20 minutes. Points are the mean (% S’E.M.) of n=j tissues in
both strains. ¢
o 2
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Table 3-2: Effect of cocaine on norepinephrin‘e
EDg,, values in §H and WKY rats.
. NEEDg, (M) . -
A PRE COCAINE - POST COCAINE
WKY (n=7) 075 + 0.4 0.5240.12
SHR (n=7) L4l 137

0.67+0.15

EDy values are Geometric Mesis (< SEM.).
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Figure. 3-2
* Dose-response curves to norepinephrine in l\)-ll k old male SH and
'WKY_nu. ‘These were nbhined‘in tissues ewj cocaine (40sM) for a.-

period of 20 minutes. Points are the mesns (& SE.M.) of at least n==30 .

tissue in both strains. . /
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Figure. 3-3.°
_ Dose-response curve lo potassium in 10'- 12 wk old male SH and WKY
rats. Responses were conducted in.the presence of phentolamine (1xM).- *

:Points sre the mean (+'S.E.M.) of at lesst n=26 tissues in both strains.

~
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Table 3-3:  EDg, values of norepinephrine
and potassium in SH Vd wKY{.u.

. . EDW : \
NE(:M) K* (mM)
WKY " 047008 TP ¥1 |
R |
. SHR 0.79.+0.15 » NAE 10

EDyy, values are Geometric Means (+ S.E.M.) calculated by probit snalysis '

for & minimur of =30 tissues in both NE and K* responses.




) Figure. 3-4.

Typical responses of rat tail artery at ED, of either norepinephrine

(501 M) or potassium (60 mM) and ED g of norepinephrine (0.70 £ 0.154M)

or potassium (30.6 + 0.95mM). P = Phasic component a =-Tonic
- e :

component of the response.
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Figure. 3-5.

Sampl:«lg_ncs of the inhibjtory effect of nifediping (30 min) on potassium
(60 mM and norepinephrine (I10uM) activated ™ rat tail lnrlery.
Superimposed on 'the control, are responses in the presence of nifedipine.
Concentration of nifedipine is in log: M.(Please note that in the K* traces,
the ef fect of ni fedipine on the initial parl of the phasic component is nol
that upparczut. The mazimum of this cnmponml“ ia,‘hhoweuer clearly

reduced.) ! - .y
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Table 34t Nifedipine IC,,(M) values in
tail artery ring preparations stimulsted
with either K* or NE.

NIFEDIPINE ICgo(M)
~ SHR WKY
EDygy EDy, “EDyyg /B
= -

NE . 29x10° 32x 108 2.6 x 10% 1311088

& (n=22) . (0=17) ‘ —(n=ll) (0==18)
Kt agx10® nxie®? Bx1?® 20r10%

w=17) (n;xS) ) (n==16) (1=18)

0 < ; =
‘le values were calculated\ by linear regression analysis.

*= Significant difference betwed d K* ICeoM.

n = number of observations from- which ICg; values were calculated.

P
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3.2. Calcium Sensitivity Study.

3.2.1. Blood pressures of rats.

The blood pressures (mm Hg) of 10 - 12 week old male SH aad WKY rats wed
in this study are shown in Tsble. 3-5. Systolic (SBP), dii!'.olic (DBP) and mean
arterial pressures (MAP) were all significantly (Unpaired Student's { test, P <

0.05) higher in SHR, compared with the WKY rats. o

3.2.2. Calclum sensitivity.
The calcium sensitivity of tail arteri® from SHR and WKY in ‘response too3,
maximal l;ld submaximal activation b} NE and K* was determined after

depleting both extracellular and intracellular soupees of Ca®t. After Ca’*m

" depletion,. in" ‘tissues stimilhu_:d‘ with: NE there’ was a phasic response and a

severely reduced (in most'cases by wpto 9095) tonic' component, The tissties were

_then washed (34 times) with the ‘0:Ca®*. EGTA PSS’ to mop up Ca?* being .

extruded lrom the .cell. The tlulles were then exposed to i ‘Ca free PSS’ (no

EGTA) sud exposed agnp to NE. Five minutes laur & cumulative Ca®* dose-

respdnse curve was determined, Here there was o d'minguishnble phasic response |

with st‘imnlution at both-levels, indicating that intru:llulu’ uLivm.or Ca2+ was
indee& depleted (Figure. 3—0) Keshnge (1072) has repurbed a similar

phenomenon in sheep cuohd arteries’ Axtenu mpondeth NE aftér °30 minute

- exposure to 'slmple Ga? -lree nhne' Howeuw exposure to EDTA wlnch

resulted in -depletio‘n of extracellular Ca+(2+)-to below threshold leveh,_n response

! . still persisted. Kestinge llﬂi2) suggested that the mmcg of Ca?* for this Tespolise




was intracellular. There was no response at all when the tissues were exposed to s
K* deyohnsmg CaZ* free PSS [le\lre 37). As w".h the NE stimulation, Cal*

was added to the organ bath 5 minutes after sctivation. In both NE snd K*
sctivation, a higher conc!ntl;.iqn of Ca® was sdded only after the prior response

had reached a plate&u.

The same figures show that the responses to Cs™ i

, in the presence of EDw levels
of either NE or K*, attain maxima at a bath concentration of 5.0 mM wheress
responses in vessels stimulated at ED,,, reached a maximum response at 10.0

mM.
o ) = \

The Ca2* dose response characteristics dre.shown in Figures. 3-8., 30, 3-10 and

311 fof vessels activated with NE (D, and EDgg) and K* (ED o, snd EDy)

ly. The cor ding Ca?* sensitivities (expressed s Ca-pD, values)
are shown in Nle 36. In geueral the Ca?t lensltmu@ of SHR vessels were

higher than

e of’WKY the dnllerence bemg greater when vessels were

activated with NE. However the differenée in Ca?* sewsitivity was significant (P

< 0.05) betwees SHR (Ca-pD, = 3.4 £.0.04) snd WKY (Ca-pD, = 328  0.08)

only when the vessels were activated st the EDg, level. At maximal stimulation

there was 0o significant differchce (P > 0.05) in Ca? sensitivity between SHR

and WKY.

=
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Lo Table 3-5: §yswiic. Diastolic and Mean Arterial

Pressure of 10 - 12 week old male SH
and WKY rats. Galcium sensitivity study.

SYSTOLIC ~ DIASTOLIC MAP
mm Hg mm Hg -~ mmHg
w7
WKY (0=9) 106.5 + 7.0 80.2 % 6.0 " 800460
~— A ¥ s L
. o
SHR (n=9) * 190.5 + 8.0° 153.3 & 6.0* 185.6 & 1.9°

,MAP = (Systolic pressure + 2 Diastolic Pressure)/3
‘8 = Significant differénce (Unpaired Sl{xdenl's 1 test, P < 0.05) between

WKY and SHR. -




Figure. 3-6. .

Caleium  doseresponse records in tail arteries challenged with
norepinephrine (NE) at EDg and ED, . Initial response is the control
ra;onse in normal physiological salt solution (PSS). At A the tissues. were
depleted of intracellular calcium. The tissues were then stimulated (B) with
norepinephrine in a Ca®* free PSS (no EGTA). Five minutes later calcium
was added cumulatively to' .the bath. Calcium concentrations ge final-bath
concentrations: All experim;ng‘ were :sn-'ied out in the pruence‘or cocaine

(404 M) and propranolol (0.1xM.)
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Figure. 3-7.
. Calcium dose-response records in tail arteries exposed to an isotonic K*

depolarising PSS at EDg, and ED,,,. Initial response is the control

response in normal PSS. At A the tissues were depletec{ of extracellular
calcium, At B the tissues were exposed to 8 Ca®* free Kt depolarising

0 PSS‘. Five minutes- later calcium was added cumulnl;tively to’ the bath.
Calcium concentrations are, final bath concentrations. All exp;rimenls were
cnrried‘ out in the presence of phentolamine (1.0 uM). '
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. - Figure. 3-8.

Calcium  dose-resp ined at ED,g, level of

. activation with norepinephrine. These data were determined in tail arteries
from SHR (open symbols) and WKY iclosed symbols) rats. Responses are
expressed as 8 % of response to 10.0 mM calcium. Each curve is the mean

(s SE.M) of at least n = 16 tissues. All experiments were carried out in

) the prsenc; of cocaine (40 uM) and propranolol (0.1 uM).
= W -
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Figure. 3-9.

Calcium d po! h isties  d

SHR (open symbols) and WKY (closed symbols) rats. Responses are
as a % of the maximum response. Each curve is Cil! mean (&
S.E.M) of at least n.= 8 tissues. All experiments were carried out in the

% o

of cocaine (40 uM) and propranolol (0.1 uM).

at E_D“ level of-

L4

activation with norepinephrine. These data were determined in tail arteries i

\
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Figure. 3-10.

Calcium  di P istics di ined at ED,q, l?vel of

activation with K*. These data,were deterfined in tail arteries from SHR
(open symbols) and WICY(closed symbols) rats. Responses are :xpres_nd as
a % of response to 10.0 mM calcium. Each curve is the mean (+ S.E.M) of
at least n,= 14 tissues. All experiments were carried out in the presence of
phentolamine§@ 0 s M). »
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- Figure. 3-11.

Calcium d P h istics, d ined at EDg, level of

activation with potassium. These data were determined in tail arteries from

. SHR (open symbols) and WKY (closed symbols) rats. Responses are

expressed as a.% of the maximum response. Each curve is the mean (+

)
S.EM) of at least n = B tissues. All experiments were carried out in the

presence of phentolamine (1.0 xM).
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" Table 3-6: Calcium sensitivity of rat tail artery C .
. from SH and WKY rats activated at EDy, .
and ED o levels of norepinephrine and !
\ pgtassium.
A CALCIUM pD,: =
L pD, ‘ -
NOREPJNEPHRINE  * POTASSIUM i
o ED;, ED,g EDg, . %/\v—
™ . - . ”'// i T
w7 w )
WKY,. 3.264 006  3.18+£0.05- .3.30: 008 2074 0.04°
: . e -
~  (0=8) (n=16) //‘-’—(n=8) (n=14) -
. ~\c b . g -
SHR . 346004  397£006° 3385008 " 3.084 004" >
V=g~ (a=18) 4=8) - (a=14)

Sensitivity of vessels is expressed as pD, values, where pD, = -log[EDgoM]. 2 =

significant difference TUnpuiud Student's g‘mt, P < 0.05) between WK! apd
" - - . e
significant difference between pD, values/ in EDg, .and ED,q,
.

SHR. b

» stimulated tissues, either with norepinephrine or potassium.
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The e"ects of nife dipi -lt three

o %
5 on the calcium respohse

characteristics of l.ul mery ring segmments, are qhown in Figure. 3-12 and Figure. \

5—13 (SHR and WKY vessels respectively; activated by NE) and Figure. 514 and
Fxgure, 315(SHR md WKY vmels rapechvel)\ acti Jntcd by K*’) In both' cases’
the vessels were utivated (with maximal levels of NE and K*. Correspon\nﬁng

<
Ca -pD, vainu are shown in lele 3-7 for NE nchvn',edwusela uz\ln Tnble 3-8

for K™ activated vessels. Nifedipine a tion-depend asner d d

. the vessel sensitivity. to-Ca®. - Low concentrations (5 x 10"%M) of nifedipie

significantly (P < 0.05) reduced C;“ sensitivity of vessels from FHR, but I;ot
WKY, when mwmﬂ by K* (Ca®*-pD, 3. u & 0.05 to 2.86 +.0.00). At the
higher concentrntlons, 1.0 x 10°M and 10 x 107°M, the Ca?t sensmvny was .
siniﬁpanﬂy reduced in'both SHR nnd WKY vessels, In contrast, nifedipine, at' i
concenzmuons of 5.0 x lO'"M and 1.0 x IO °M had. no significant effect on Ca®*
sensitivity of. vesseis activated by N‘E ‘At the higher concentratlon of 1x 10‘7M

the CaZ* sensitivity o! vessels from both SHR and WKY was sigmﬁunily

different (Figure. 3-7). However the reduction in gn sensmvxty \was more &

significant iP < 001) in v{essels from SHR than in vessels from WKY (P < 0.05).
The maximum, response, rtheasured at 10.0 mM Cn"", w‘s.deprmed more i
'WKY vessels (Figure. 3-13) than in in SHR vesuln (Flgure 3-12) Also lppnnnt in

on K* ivated .

thls study |s the, selective effeit of b at

Nifedipine (1 x 107M) llmost completely inhibited the ‘response in K* activated

vessels whereas in- vessels ‘activated by NE, . were imately 60%

(SHR) and 30% (WKY).of the'maximal NE activated Ca?* response. - '

(.

v
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En‘ect of mledlpﬁe on calcium dose-response char }mmm of SHR tail » /
R artery ring prej i : il ivated with inephrine (10sM). ;
Res) in presence of nlledrpme are -pn-od as % of the ‘maximal ~e
3 response in the coutiol-mdllwn All experiments were cwled ml'. in the i
presence of eocl_lne (404 M). and propranolol (l.DyM). Points show means + -
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P Figure, 3-13. _ “
Eﬂ;et of nifedip on édciqm dose -Tespo h isti o‘( WKY tahl
Vﬁ!#,__. inephris (loﬂM)
Reuponm in presence of’ mledlpme are expressed s % ul (brmmmnl

2 lrtery. ring prepull.lonl,

kg

responxe in the control condition. All expenmenu were carried out in the

presence of cocaine (404 M) and propru.nolol (0.12M). Points show méans :1:.

- (S.EM) of n = 4-3 observations. 3
bgins
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= Tnbl.lv-h olmhilnury s

-~ and when activated st
. EDlm levels of norepinephrine. -,
N ) Effect of nifedipine. - i
\ i
’ @. ", cAvcrus pp,
i . X
» I A
NOREPINEPHRINE
: ‘o sm T wky
P ' - '
CONTROL 3304 1.3(4) - 3.12 + 0.08(4)
Nifedipine{0.05 nM) - - 312 & 0.12(4) 288 £0.11(4)
o - \ . o o = = S
CONTROL 304+ 0.008(4) 335 £ 0.124),
p g s ;
Nifedipine(1.0 M) 277 + 0.07(4) 3.03 + 0.008(4) L
. CONTROL s 3.27 + 017(4) 3106 + 0.07(4) ,
Nifedipine(10000M) ' 2.40 .+ 006%4) . 2,59 % 0.06°4)

by

Sensitivity .of ‘vessels i\exprmad as pD, values, where yD2 = -log[ED]w]M

Values are mean (& S.EM)(n). Chlngu in sensitivity from contﬁf were nllyud

by unpnml Student's ¢ test. [y nnuﬁcml (P < 0,05) dnﬂen\et
- dpﬂium (14 < 0.01) dlﬂmle. lrom conml
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J ) . 3 .
. Figure. 3-14. ‘ .
* % Effect of nifedipine on calcium d pon isties of SHR 'tail
pitery ring i imally_aetivated with potsssium (60mM). 1
/\&m:in presence of nifedipine are expressedas % of the maximal
- response in the control dition. All experi were carried out in lhe-

presence of phentolamine (1.04M). Points show means + (SEM) of n =

43 observations.
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P‘i‘m 3-15. . .
~
Effect of nifedibine on calcium ﬂ'mrupom chuuhmtla of WKY tail

sHety Fisg il oy

d with potassium (60mM).
Responses in presence of niledipine‘u-‘e axpreued 8 % ol the’ maximal
response in the control condition. All expenmznu were carried out in the
preunee of phenwlllmne (1.0sM). Points show means (8. EM) nl n=
44 qbserutiuu
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‘. Table 3-8: Calcium sensitivity of rat tail
artery from SH and WKY rats activated
8t ED, o0 levels of potassium. Effect

.‘\gl nifedipine. ]

Nesi ;
CALCIUM pD,

v;_ r‘L '._. . o
v [ SR 3 wKY
/ = -
D ¢ ¥
CONTROL 3144 0.05(4) - 12.85 + 0.08(4) ’
“Nifedipine(0.05 M) | 2.8 + 0.09%(4) . 2762 0l05(4)
- ;
CONTROL 3.01 + 0.07(4) N 3.00 + 0.08(4)
Nifedipine(LO'nM) -/ 278+ 0.08%4) - . 3.60'% 0.02%(4)
CONTROL 3.04 + 0.01(3) 3107  0.00(3)
.Nifedipine(100,0 nM) - 3l(3) »1(3)
-log[ED]go) M.

N Seusi)/l{rity of vessels \is expressed as pbggzix—o{j where pD, =

an)lé are mean (+ S.EM)(n). Chn‘nga in

sitivity from clontrol were analysed

_by paired Student's ¢ test. ®= signifiéant (P < 0.05) difference from control. 1=

*» IGCgq difficult to determine due to slmost total inhibition of Cn’f“ response.

v -
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'3.3.1. Blood pressures of rats. -

8.3. In Vivo Sensitivity to Nifedipine.
. ~

- . T e
The blood pressurgs. (mm Hg) of male SH and WKY rats, at the 5 week and &,
20 week .lgg group are shown in Table. 3-9. Blood pr&@\uu o( 10 - 12 week old
male SHR, W'KY and Wistar rats are shown nTTnble 3—10.- The sys!ohc (SBP),

dmtohc (DBP) n.ntl mean a.rteml pressures (MAP) of SHH rsLnWQe all

slgnlﬁuntly different (Student's t test, P < 0.05) when ‘compured to the" X

corresponsing’ bmmnu in the'WKY rats. For the 10 -12 )uek age group, where
- 0 £ @ .

three strains ‘were used, the _prmlires were compared by oneway, analysis of -

varisnce (ONEWAY). In this age grouphthe SBP, DBP and{AP of SHR rats

were significantly higher (Scheffe’s test, P < 0.05) than eorrap(;”nqing. pressures in
. o " v / e
5 -both WKY ln{w_uﬁr rats. In addition, the DBP md_w/p( Wistar rats were

sighificantly higher than those of WKY rats (Table. 3:10). -

8).8.2. Eﬂer'.t.«?f :Ifbd_lplne. )

Nifedipine, at all doses, reduced the prmumi‘n_ all strains. The pressure fell
alm §at il.n.mediutely after ‘}nfps}on_md reached & minim‘!:m level in about 10 - 1§
seconds at th; 0.01, 0.02, 0.04;0.1 and 0.2 mg Kg’l) d;se level, whereas nt‘ the
higher doses the fall was even futer and reached a minimm‘n low in |bol|t 5

seconds (Figure. 3-16). The pressure pnlu wnd&h‘pmgrml ely deevenuﬂ as the

. dose of nifedi in vfu' d..Invariabl ,lnhethehlghdmuws:mdlOmg

I(;"), the pulse almost dulppened, at the (nn used. /]
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“Except for some animals in the young 5 week age group, all animals survived-the ° rd

entire dose schedule. * i | . -

/'i'ilg mean ti S.EM.) percentage reduction in MAP, at each'dose level, for. the 5 ‘
week, 10 - 12 week wo week age ‘gmpu arg showh in Tables. 3-11,3-12 and

. 313 respectively. The dats are also presented in Figures. 317,318 and 310,

. .’ o : 3 :A"'n*
=7 In the 5°week age g-oup, !heu Were Do significant diﬂem}:es (Sludenz’s t tes,t, e

P> 0.05), between the stnm!" in the mean percenhge r}tctmns in MAP The: o

effects of mtedlpme on the three _strains nsed in lhe io~ 1!

week -age ;rollp are |
shown in Figure 318 Here significant differences (Scheﬂe s’ test, P“< 0.05).
be'.wcen pairs of strains are sho)vn. Significant differences bezygen WKY and SH \
“rats were seen when nifedipine was administered at the 0.1, 0.2 and 0.4 mg kgl

dns:l levels. f[‘he Wutn}, rats were even more ruisnnt- to the hypotensive effect of

ifedipine when d to SH fats. Signi diff were observed at the

. 3 . ) 4 Y
0.02, 0.1, 0.2, 0.4, 0.8 and 10 mg kg dose levels (Table. %12 nﬂ“Fig\lu B-IB) .
Tl:e )uponss ‘at the-20 week or greater age group exhibit consldgnble v:mmon 3

over the entire dose range (Flgure IMD) Here' slg‘mﬂcmt dl!ferencu lS!udents'l t

test, P < 0.05) were only ob_;nl\d nt two dose levels (02 and 1.0 mg kg'l)'
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Table 3-9: Systolic, Diastolic and Mean Arterial -
Prmnolswaeknd!oweekold male -
"SH and WKY rats,
e sYSTOLIC *  DIASTOLIC MAP
. » = -
K > A mmHg mmHg mmHg |
§ Week o He  HF i, k- )
WKY (n=3) 025438 8104583 850450
) o $ ' y ?
B S 5
SHR (n=4) 141.2 £ 2.4 1262+ 2.4% 1312 + 2.2*
20 Wesk - )
© WKY (0=7) 108.8 + 3.0 760 £'3.7 80.1+37
® - -~ .
SHR (0=10) 238.5 + 9.0° 175.0 £ 8.5* 197.0'+ 87°

Ve
'

MAP ‘-‘(Sy:lolic pru-llre‘+' 2 Diastolic Pressure)/4 .

S Slmlfvunt dlflcnncu (P < 005) (Sludmt'- t test) between

W'KY snd SHR
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Table 3-10: Systolic, Diastolic and Mean Arterial 2
Pressure of 10 - 12 week old male SH
shd WKY rats.
SYSTOLIC DIASTOLIC " MAP
cmig inmHg " “mmHg
e g ~ .
: Wistar 110.0+45°  1040+14.0% 1080470 g
R WKY" 114.0 + 4.5 785 + 3.5 © 86.0 £ 3.5
. . .
! SHR - 207.0 £ 8.0 1480550 __ 160.0:40
. . - 5wy
The values are the means (& SEM.) of ’n=7 rats in_each group.
. They were compared by analysis of variance. Differences were considered 5
significant at the P <0.05 level (Scheffe's test). ' » )
N e
' = significant difference éompared-to SHR and b — significant -,
. . S
e difference between WKY and Wistar.. - . : o




Figure. 3-16. .

Blood- pressure recordmp in response to mcrenm; dosu of mifedipine. ’

'l‘ucln@ are from s Sﬂm’duu to the the left of the recordlngs are the
lylwhe (superscript) and disstolic (mbscnpt) pressures (mm Hg). Doses of
mhdlpme (mg kg™!) are indicated to,the-righi of the srigws.
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o ,  Figure. $17. .
Hlnwgmn of mean ( S.E.M.) perceitage reduction in mesn arterisl
pressure jn 5 week old ‘male SH (n=4) s1d WKY (n=3) rats. : '
]
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”~ " : =
lelu 8-11: Mem pemnuge decruse in mean v

arterial pressure of § week old male SH - ' [}
_ and WKY rats induced by nifedipine. '

) \
7 ' ) . .- . MAP DECREASE (%) ’
f\ , DOSE mgkg? _ SR WKY
0.01 ‘ 40413 " 5.0% fs
0.02 o,  1l5%25 150443
o : 004 185+25 . - 18041
010 . 37000 232115 3
0.20 214140 20.3 £ 0.55
0.40 ,- ; 31.0:40 33.3+5.2
0.8 N 544180 57.5 £ 14.0
.' - Lo 67.4+9.5 2 ?52,3“0.0 : \_ : y
2 . The values are the mesng (& S.EM) of n=4 (SHE) and =3 (WKY) tats.
) ‘They were compared by‘UnpAired Student's 1 test, Differences were .
. o . considered significant at the P < 0.05 leve‘l. ! X
. ;
3
3 a
', £ ° - .




) “Figure$-18. )
Histogram of me.ni (* S.)T‘J,M.)'pment-;a tgdncli;)n in men arterial
pressure in10- 12 week old ml{e SH, WKY'\md_Wiltn rats (all n=7).
lndiu!e:l nu'éroups of animals between whom-significant ditleiel;cu (P <

0.05) were found. . . -
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- Table 3-13: Mean percentsge decrease i mean
. “L . arterisl pressure of 10- 12 week old
male SH and WKY rats induced by nifedipine.

I
!
' MAPDECREASE (%) . I
DOSE mg kg">) SHR ° WKY " WHSTARI i
y
' 001 AL£20 171433 AT+ 2.1 ;
[ 287 417 22.8 1.9 185+ 1.5 W
- om 370 4 35 31827 25+ 1.9 '

010 @315 3.2 4185 235+ 2.7
020 , #8325 20.1 +19° 279+ 37" y
040 510 + 31 w827 - 30458 -

080 880 £ 43 53.7 £35° 31x 4
10 7.4 £ 30 96158 84199 o

2 , e

The walues are the means (= SEM.) of 0=7 in all ltrlins: Differences were A

considered significant (Scheffe’s test) at the P < 0.05 level. * = sigificant

- vdiﬂefance between WISTAR and SHR, ® ='significant dmlrencf'b'ehgcn WKY

and SHR, ¢ = significaxt difference between WKY and WISTAR.




_ Figure. 3-19. )
Hﬁloplm ‘of mean (+ S.EM.) percentage reduction in mean arterial
pressure in > 20 week old male SH (n=10). snd w:g (n=7) rats.
Significant differences between SHR and WKY are indigated (P < 0.05).
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Table $-18:
arterial pressure of > 20 week old male SH
and WKY rats induced by nifedipine.

Mean percentage decrease in mean

DOSE mg kg!

{MAP DECREASE (%)
SHR WKY
R |

0.01
0.63
0.04
0.10
0.20
0.40.

0.80

1844 2)7.
~281: 18
3534 2.4—
361+ 4.0
3504238
444+ 45
6304 5.0

610+ 4.2

T4k 27
%6+ 33
0018
267+ 3.3
258+ 3.1*
413+ 53

816+ 88

300+ 5.8*

P
~7Vr\.

.o The values are the means (+ SE.M.) of n=10 (SHR) md n=7 (WKY) rats.

= Slgmﬁclnt .diﬂerenc’e {Unpaired Student's ¢t tést, P < 0.05) between WKY and

SHR.
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3.4. Radlolign/nd Binding Studies. ' Ty

§ * ) .,
3.4.1. Marker emym;. i - sl

The activities of-5'ND gl;d PDE; werfissésed in the Qt nuclear sypernatant
(PNS) and the microsomal h‘ulion (MIC). The activity in the MIC .lmtion was
divided by the utivity in the NS and s ratio_obtained. Thiu corresponds to the
evel of ennchmen'. of plasma membnne The rntlos are ahown in T:ble 3.
The level of enrichment’ was higher .in WKY tail Arterm than in smz nrtene:.

°
a]thuugh no me;nmgful comparision can be made bey(een the two strains ua there‘

-_ were.not sufficient ;hsgrvnions“for the SHR animals. e \

34.2. Eld)oll;md binding studies. N

S

. Specific binding of 3H-nitrentli‘pine to the MIC fraction was satigable in presence

of increasipg concentrations of the_liglnnd. Representative saturation curves and
. J . .
Scatchiar® plots are shown -in Figure. 320 and 3-21 for SHR and WKY rats

i b

pectively d ‘an:iyéis of the data revesled a uzmigM‘ line (Figure. 3-20

A

and 3- l"insert]_ with dissociation constart (K, d) values in the l(ll?n:nomnlnr range

(Tablg, 315). The Bw values were 104.0, 108.7, 224.0 and 477 fmoles mg"

* protein (Table. 3-15). In all assays, specific binding of labelled ligand was about

v

30%nof the total binding, 4




Table 3-14: Level of enrichment of plasma
indicated by levels of

P §'ND aud PDE; in PNS and MIC rations. <
_ _
= RATIO OF. MIC/PNS
\ _* (O.D. min! mg" protein)
. ) ¥
. o _ '
5ND . PDE I
WKY (i=3) IR 7" FET I 6.27 & 102
; : 7
*SHR (n=1) : 2178
.~ % v -
- A
L3 v

‘e




' Table 3-16: K, and B, values derived fromf- :
radioligand binding studies. : )
\ g ". . ) Bwu( * Kd * e
fmoles/mg protein . (nM) - - L eve
2 .
’ SHR . 18T . 0187 097 "
WKY - 2240 - 0.381 097
Y - . + % . -
¥ e WKY . ©o4amo . L0268 095 "
° # . . ¢ " #
. WKY(dehervated) 1040 . S T olesd 080
' ) ’ “ % ’ "" . ¥ ’ '\
r = regression correlation. . . 5 SO B
(NB. No statistical test could be performed due to paucity of data.) ', .
’ 1
' _ .
. & X "
» -




o Figuu..s-zll.
~ A repraenm.ive exnmple af the ntuub!e -binding of "’H-nnrendlpme
binding to the mernbrnne (MIC (nctlon) ol tail artery from SHR :.mmnls
Euh polnt |s the mean of dnphcala Scn'.chard analysis of ‘the bmdlng
dlh (inset) prodllced s straight line (r= -0.97). The dmocmtmn constant

(ky) equalled 0.18nM. B, (x axi intercept) was 198 fmoles mg™ protein.
» : i ‘
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- D s,
: . ' Fi lgureA 3-21. )
A repruentmve example of the snturnble bmdmg of 3H~n|trendlpme

binding to the membrane (MIC fraction) of ml artery lrom WKY animals.

" Each polnt is the man of dupllcntes ‘Scatchard analysis ol the binding

data (inset) produced a straight [ine (r= -0. 95) The dissociation constant

(kd) equalled 0. 260M. M. By (x axis intercept) was 477 fmoles g’ AT
. ‘
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’ of at least 150 mmHg and over are

Chapter 4
DISCUSSION,

4.1. General Conﬁdzrai:iom.

4.1. 1 Control and expeﬂmcntnl nnlnilh. N

In animal studies of essential hypertensnon, such as this thesis, where two or
more strains a! the same species are’ us‘d. it is neccusary ‘to define a rel‘erence
point which would ‘label' a strain ‘hypertenswe or, otherwue. In the clinical
context, hyps;rtension has been defined, by the World Health Organisation (WHP)

as a blood pressure, that exceeds 160/05 mmHg, a ‘normal’ pressure being defined

as 110/70 mmHg. In reality, it is to be expécted that-extensive variation in the .

blopd piggsures of animals will arise, 4nd the establishment of an acceptable
pressure. range thus helps “to rid those animals which do hot qualify ‘as

hypertensive. In experimental hypertension, animals with systolic blood pressures

d tb be, by most-investi to be
hypertensive (Yamori, 1977). The development of hypertension in the SHZR. is
thought to be a two stage process, where initial‘ly the high BP is a reflection of an
increased cardiac output, but nofmal TPVR (5 -12 weeks), and sphsequently an

increase in. TPVR but normal cardiac output. Thus hypertensive SHR can be
5 - 5

'c_onsidered 50 8t the‘nge of 12 weeks. The ‘prehypertensive’ stage has been-defined

=4 ) L
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w‘enc'or}:psss the ages of 6 to 12 weeks according to a number of repom’, although
pressures are significantly different at § - 6 weeks and even in 4 week old animals
(Lais, Rios, Boutelle, Di‘Bona.& Brody, 1977). In the studies mentioned l;ere, SHR
;nd WKY rats were‘ used mainly at the l(‘) - 12 week age group. In all the studies
~ the systolic pressures of SHR exceeded 150 mmHg, indeed they were usualiy in the
170 mr;ng ran‘ge. These pressures v;'ere siguificantly dif{erent from those of WKY
animals. 6nly in the 5 week age group of animals (in vivo study) were the systolic
< pressures below. 150 mmHg. - Nevertheless, the mean systolic pressuresi were
" significantly higli/e[ ‘than those of WKY rats. These observations together with
those of Lais :f'al., ( 1917)1 i;de'ed indicate that the ‘prehypertensive’ stage isata
llower age group than previously thought. It should be mentioned that in the in
vivo study, the Wisn{r stra;h!. which is tieoriginal parent strain for both SHR and
WKY (O?amow & Aoi(i, 1963), was used as an additional, contml. in one of the
studies. Whereas the mean systolic and diastolic pressures of SHR were
signiliéantly different from WKY and Wistar, there was no significant difference
in mean systolic‘pressure betwee_n WKY and Wistar. In contrast to this, the mean
dinstolic pressure of ‘Wi.‘star rats was signiﬁésntly higher than that of WKY rats
«  (Table.3-10). The rats.were all—p;xrchnsed from Charles River Inc., but at different
times and in three di(.lerent batches. Despit'e this, the »syswlic‘ and diastolic

o~ . ® i
pressures were found to be similar in all three batches.

The choice of the control animal, is important. The SHR and WKY, as

d above, were developed by in breeding (Okamoto & .Aoki, 1963)
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offsprings of Wlﬂlr rats whnch had s tenduq to develop-hlgh pesnn In view

of their common parental background (Wutu), the WKY can be considered to be
‘abnorgnal’, relative to the Wistar, as the SHR, the difference being in the blood
pressures. Mchlny, Wright & Wexler (1081) have argued that the use quI\'Y

- rats as the only control for SHR was not Jlior various reasons (McMurty,

Wright -& Wexler, 1981). They report on the mcomp:nbnluy of tnnsphnted
pituitary and ndrennl glmds between SHR and WKY rats but accepted by
S_pnple Dawley [SD) rats. Furthermore SD pups, but not WKY pups, mmed by
SHR dams became hypertensive. In addition they bue‘ their contention on th:‘
dhlution of strains as a result of the \‘v‘idaprud d‘ilb\lml‘nent o'f both SHR. and
WKY rats. I chose to include the Wistar strain in one of the in vivo studies (10 -
12 week age group) so that we,coultl/ compare our data from the SHR to. that of

both the WKY and-the Wistar.
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4.1.2. Ch(;lu of v;uenl-.; smooth muscle preparation.

< Maony early studies, directed towards the question of what role” vucnl.u.r
contributions play in the development of  hypertension;” either involved
experiments with perfused vascular bed: or with large isolated. vessels suchWs the
thoracic aorta. The perfusion technique , which provides information regarding
the combined effect of all vessels in a particular bed, does %ho‘wever, identify
where within the bed specific changes in vascular smooth function; are present. A
number of studies with the rat have l;oted s significant fall in pressure in’arteries

* with diameters larger thu; 100ym, indicating that‘a lt;ge proportion of TPVR is
found proximal to the microcirculnt?on‘ (Fronek & Zwe'\hd;, 1975, Bohlen, Gore &
Hutchins; 1977, Folkow, Hallback, Jones' & Sutter, 1977). ‘What then is the range
oi diameters one could use? In &sence,'nll precapillary vessels (conduit, muscular
& arterial) contribute, although to different degrees, to the ‘mtnl TPVR and
therefore, by this definition, v’:ould be called resistance vessels. The term resistance
vessel is thus used with respéct to':a;mels which contribute significantly to TPVR.
The range of diameters generally believed to constitute a resistance vessels is in, . .
the order of 100 - 500xm 1Mder§on, Hogestatt, Skarby & Uski, 1985), although :

_ recently, research concerned with isolated vessels, have utilised arteries mins.

diameters in the range of 100 - 300um (Mulvany, 1985). The tail #tery has s.

diameter’ npproximat‘ely of 500um, or less, depending .on the age of the rat and_

~_
level within the tail, and thus should contribute to the TPVR in the Tat.




4.2. In Vitro Study.
I have attempted to characterise calcium entry through receptor operated (ROC)
and potential operated (POC) channels in blood vessels from both hypertensive

and normotensive animals. In these studies I have used the agonist norepinephrine

. TNE) which induces contraction by mobilising Cl“’. intl:lcel]ular‘]y, and by

promoting Ca®* influx through ROC and /or POC. KGI (K*) on the other hand

js kinown to depolarise VSM and induce.Ca?* entry through POC withgresultant

Therf is extensive ph logic. evidence which is consistent with

’ ‘the notion that the 1,4 dihydropyridine class of ds are potent and specific

antagonists acting at a site or sites mgiuted with Ca®* channel function

- (Fleckenstein, 1075, Fleckenstein, 1983, Cauvin, Loutzenhiser & Van Breemen,

1083). Nifedipine bas been shown to block Ca?* entry thron'gf) POC's in .VSM

(Godfraind, 1083, Triggle, 1084b); \ 3

Two protocols were used* to assess the sensitivity‘ol‘ calcium channels to -

-nifedipine. First I obtained responses to ’I;I’E“ and K* after the tissues ad been

P o
exposed to nifedipine for 30 minutes and related the tonic response_to control

_ tonic responses obtained in the absence of nifedipine. The lonic component is
-

dlmost totally d?pendent on Cl""'m(.r (Hdrwitz & Suri;;, 1071, Steinsland,

Furchgott & Kirpekar, 1073, Bevan, Garstka, Su & Su, 1973, Deth & van

- Bregmen, 1074). ing the sensitivity of this ca gives an indication of

‘sensitivity of Ca2* influx.

N
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The second b involved ding ions in response to the
gamulative addition of Ca®* to tissues activated with NE or K*, but maintained
in a zero Ca2* PSS. A third approach used by some investigators (Sutter, 1984), is

to induce tone, and once stabilised, add the i latively. Of these

.lhree methods, the first two have been evaluated as being the most suitable for
the investigation of the effects of CATS on blood vessels (Hof & Vuorels, 1983). In
addition I used ispwnic depolarising PSS (I‘ur.!\'*’ activation) since tone induced by
bypertonic depolarising buffers can have a component which is insensitive to the .

effects of CATS (Hof & Vuorela, 1083). %

, 421, Post junctional sensitivity of tail artery to NE and K*.
- 5 Y

Tail artery ring preparati respond, in a dose-d dent manner, to NE and

,.-K". No signil diffe in the itivity of tissues from both WKY u\ld
SHR to either NE or K* were found (Table. 3-3). The tissues from WK tended
to be slightly more s:nsilive (non significant) to NE in comparision to tissues from
the SHR. I dlso compared the effect of cocaine on the NE dose- response curve

since Laher & Triggle (1984a), using tail artery strip prepaulion; from 14 week

old SHR and WKY -animals, had shown that 404M cocaine caused & signifi

tly

> i
greater leftward shift in the NE dose-response curve.. The extént of shift was

¥ calculated as the ratio of NE ED, ocuine‘l to NE EDy (post cocnine).—'ﬂ{ey

found ratios of about 4 for S| essels :;ompnred to 2 for WKY vessels. In this
i . N
study the ratios were smaller for both SHR and WKY vessels. The ratio in SHR

" vessels (2.1 & 0.32) was approximately half the value reported by Laher & Triggle -~ —
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(1984a) whereas the values obtained for WKY vessels (1.83 + 0.5) in the prmn;
study was similar to the esrlier one. A’ major difference bétween the two studies
relates to the ;ource of the rats. Laher & Triggle (1984a) bred the animals used, at
Memorial Uiniversity,_ whereas in the present study all animnls were obtained from
commercial sources. A{Qpr cocaine the vessels from WKY were still more sensitive
than SHR vessels fi‘iéure. 31). Mul\fnny, Nillson, Nyborg & Mikké‘!;en (l.982)‘

reported similar findings. In tsi} artery ring preparations from 14 week old SHR

and WKY animals, Mulveny et al., (1982); found a lower NE sensitivity in S‘R
vessels compared to W'KY Adl‘liﬁon of 3 uM cocaine caused.leftward shifts of
equal magaitude in the NE doge-response curves,of both SHR and WKY vmeu:
In contrast , Hermsmeyer (1976) and Webb, Vanhoutte & Bohr (1981), usmg

hélical strip prepulhons of rat tail lnenu reported different results from mine.

! They both found the NE sensitivity of SHR strips, which had been chemically
- -
denervated by 6-OHDA, to be increased. Webb & Vanhoutte (1079) found that

whilst NE sensitivity was not different in tail artery strips from 5}5 and WKY,
the addition of cocaine caused a leftward shift of the NE dose-résponse curve only
in tissues from SHR. The effect of cacaine is to inhibit the Uptake; mechanism

(ivenen, lﬂBé)\' which normally removes NE from the synaptic cleft. Comparing

- NE EDW values in the absence and presence of cocaine, indirectly prévidas and

,mdex of the Uptake; mechanism. Many n.uthu have indicated that the Uptokel

Mechanism functions at a more efficient rate in the bypertensive state. Why there
are. differences between results presented here and other studies cannot

conclusively be _explnined, but differences in animals from different colomies,

i
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bechnical differences, perhaps such as helical strips versus ring preparatiéns may

affect the results.

&




4.2.2. Nifedipine sensitivity. » s A

-~ g
In my studies, K* induced responses were more sensitive to nifedipine, than were

NE induced responses. - Whereas the diffe \in itivity w ifedipine was

sbout one log unit between maximal NE (ICy, =128 x lO'SM) and maximal K
= 2.1 x 10°M) induced responses in WKY animals, the dllference as

significantly larger in tissues from SHR animals (NE 1Ggy = 2.0 x 108, K* 1C,,

=39x ll)‘“’M) Tbe higher sensitivity of K*. induced reﬁponses is conslstent
thb much of the IMrature published whmh mdlcnwthnt in vlmmlly all smooth™

muscle types, depolmzmon,mdn:ed responses gre more- senslh’ve, than’ agonist

induced rupghsé, "é"CATS (Cauvin, Loutzenhiser & Van Breemen, 1083, Flaim,

1982). _— LE
. L .
These results are in contrast to receptor mediated contractions’ which exhibit

varying sensitivities to CATS. This variation can exist both imwgen blood veésels

from the same animal or within a particular vascular bed (Cauvin, Loutzenhiser &

Van Bregmeb,»lﬁ&b. Flaim, 1983} The variation in sensitivity is thought to,

ly, reflect the relative'utilizati of various Cn’*" mobilization roufss, viz.
ROC, POC and intracellular Calt with different levels” of activation of the
reee]iwr. Studies on rabbit aorta, ‘.superior mesenteric artery and vme‘sentexic
resistaiice vessels by Cauvin et al.,‘(lll&d) i)rovide some evidence.for one aspect of
this concept. They found that the sensitivities of NE-indy_éed (contractions and

450a?* influx to diltiazem were inversely related to the ability of NE to liberate

Ca?*. In the rabbit sorta, at low concentrations of NE {1.0 x 10®M, no C‘2+|m'
o i

\
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vessels, At bigher concentrations o NE (10 x 10°0M, GaP*,.. relesse),

seusmvlty to diltiazem was about four orders of mngm'.ude fower' than " that

\ -observed in the mesenteric resistance vessels In the latter vessels, lOuM NE
...« induced an* influx was just as sensitive to diltiazem as80 mMK* induced Ca®*

influx was. Sensitivity in the superior mesenteric artery, intermediate in terms of

* diameter of the vessel, was also intermedjate between the other two vedsels.

. Thus one posslble reason for the lower sensitivity of NE induced respons&s is due

;o /-Tx intracellular release or Cn“ Thls mtemu} mobilization: is thougb\ to be’
In:

seasilive to- mtnganum by CATS (Salds & -V Breemen, 1983), although

“intracellular snes of action have been proposed (Churnh & Zsoter, 1080). In the

. Ca? senslt' ity study (see below), stlmu'lauon of rat tail artery with'NE, after
\
removal of extracellular Ca¥, resulted in & redaced phasic response and a

] severely }e‘dc{ced tonic component. Su, Swamy & Triggle (in press) in a study of

tail artery 'strip preparations also found that after a 30 m}nute exposure to Cs?*

. @ (noEGTA) PSS NE ata concentratmu of qu ma" d a phasic response whlch .

on average wu sbout w%\gf the control suggesting that ca?t oy WBS .bemg
released. Cnuvm et al, 11984) have suggested that this intracellular Ca“. once

l, 4 ) releued may wmehow decrease the sensmvxly nr whe ROC to CATS. 'I‘he plfaent
study does not ﬂlow us to verlly this.” £ -

However studies in énrdiap muscle cells and other types of cells (Miller, 1985)

‘release), the sensitivity to CATS was similar to that found in mesenteric resistance
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-provide some scope to explain & decrese in sensitivity. Bkaily & Sperelakis (1984)
(Bklf]y & Swem, 1084) have provided data for cultured cardiac muscle cells*
which imdicate that myocardial slow chamnels must be phosphorylated for the
chaanel to be available for voltage activation. In neurones it hes been shown that

activation of protein. kinase C (PrKC) sugments, (DgRiemu, Strong, Albert,

Greengard /& Kaczmarek, 1085) Cs®t” permeation thyough Ca®* channels (je. - )

'. POCli./tSpedding (1088) has reported on the possibility of l?rKC' involvement in
ROC r‘n_edinr.ed eventi, In addition to the facilitative functions, a role for negative
"feedback regulation of cell function has been ascribed to PrKC (Drummond & .

Mulntﬁe, 085). ‘ln smooth muscle cells, phorbol esters, which activate mg'c,'

a+

-have been \shown- to. promote a: receptor li by
yhnapi:orylnin the receptors (Lee-Lundberg, éouehi;, Cnron & -hﬁowilz,

1986). These observations provide sufficient basis to speculate upon llle ibilil

that a prelem kinase, probsbly calmodulin depende“hl may in a similsr manner

‘act'at the ROC and affect iis semsitivity to CATS at high doses of A;oliis's.'

“The sensitivity of agonist-induced respgnses to CA'IS may dso depend upon

factors, other than coupling to posbrecepwr CaZ* mobilization events, such as -

Teceptor subtype (g or nz) and the extent of receptor reserve, A possible role for
postsynaptic a, adrenoceptors (see nviaws. by McGrath, 1982 & 1983) in addition
-pmhympnc a adrenoceptors contnbntlng to vasoconstriction has betn

-suggested \based mainly on in vivo studies in the puhed rat (Timmermans & V:n

Zwieten, 1081). Deﬁmu cvndence that-p ic ayad eptors are involved

C
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in VSM contraction have aot. been forthcoming clevarly-in studies with in vitro

preparations from the arteriolar system. The ch erization of the adr

mediating contraction in VSM 'is sn ares of intense invatig{tion.n The lack of
availability of a highly selective full agonist at the nl2 receptor as well as the low
. s‘peciﬁcit); of the currently available e, gn':lgc;nisu compared * to. prazos‘in lal'
antagonist) has contributed to a large number of il;conclusive‘studies. Nevertheless
a, adrenocept.orsﬂhuv,ev been reported &om in vitro pl;epnmions, canine venous |
smooLh muscle (De Mey h_r.’Vanhaune, 1881), feline cerebral v;asséls (Skarby,
Andersson & Edvmuon mﬁl) and rat tail arteries [Spraguanwley] (Medgen &
Langer, xesqc, Welss, Webb & Smnh 1983) wd SHR (Medgen Hicks & Langer;
1984a) rats. »Furthermore it has been reported (Van Meel, pejonge, Kalman,
Wilfert, Timmermans & Van Zwieten, 1981, Van _Zwiete;:,*\—l‘an Meel &
Timmermans , 1983), from #n vivo studies that responses induced T’R"'z
adrenoceptor ngonﬁsts are more sensitive to CATS than q,-medinted respon;es.
The sensitivity to. CATé can therefore depe‘nd on where endogenously released NE
aots (ay menoceinors) and the relative dependencies .Bl“»al and a,

adrénocepmr—med?ated responses on an“'sﬂ.
The complrisian- of N‘E—induce! responses in fail arteries, from SHR and WKY

i diff

revealed no

o sensitivity to nifedipine (Tsble. 34). In

addition, in so far as NE-induced P are d, there were mo
differences in sensitivity to nifedipine between ED o and EDgy levels of

- aclivation, in either of the strains. This suggests that (a) the ROC llmc';ion is not




)
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sltered in the hypertensive state, and (b) Lh‘e similarity of ICy, values for maximal
snd” submaximal sctivation by NE, indicates that the role of Cl“m is similar,
irrespective of the strength of the stimulus. Pu;loxie_d!y, however, there were
differences in the magnitude of response l;> different dfnu of NE after Clﬁ’z;n,
removal (Ca2* sensitivity study). It is interesting to mnote that Kannan & Seip
(1088) found a differentis! sensitivity to nitrendipine in rat superior mesenteric

tery when stimulated at ED,‘.'5 md_ED60 levels of NE. They spee\liht'e;‘l that the
differential s;nhtivingn probably due‘w NE Lactivating h’eteroxenous receptors
or thl( the Clﬂ' channels associated with the NE reaponu were heterogeneous.

The lnk of a differential sensitivity to nifedipine hetween the two doses of NE in

’my study could there{ou be lnterpreud in terms of NE utwatm; 3 less

beterogeneous group of receptors or Ca® dn.nneh .

-

The nnxlhvnty of K* mduced responses to nifedipine, in VSM from SHR and
WKY lbo do not show n;mﬁunt differences. When u:e ICgp values- are

>
comp-nd betwén both sttains st the EDlw level of activation, the dLHer:nce in

 sensitiyity is 3 fold (ICgy = 3.0 x 10°°M and 13 x 10°M) for SHR and WKY

* - respectively (P > 0.05). At the EDg, le;vel of activation (308 + 0.0 mM K*) the

sensitivity of WKY vessels does not change appreciably (ICgo =21 x iO"M.
\ . ¥

wheress in vessels from SHR there is a paradoxical decreuv P > 005) in

sensitivity to m!:rhplne* [lCm =11 x 10" 'M] This suggests that POC function

does ‘no_pller in the hypmenswe state.
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In a s;mihr !ltyld}', Su, Swn‘ny & Triggl! (in press), with tail artery strip
preparations. from 15-17 week old SHR and WKY animals found no significant
difference in the sensitivities of K* , NE, phenylephrine (a; agonist) or BHT-20
NN agonist) induced responses to the inhibitory actions of the calcium A‘n’tagonisl
D600. They interpreted theu- results as sug;ulmg 8 lack ol difference m/!he

‘calcium channel untngomst' pnthwny (ROC/POC) between SHR and WKY.

. It is interesting to note that dwplu the differences in . methodology and the
calcium antagonist used by Su, Swa'my & Triggle (in pr_eu), their results sre
 similar to those presented in this thesis. Tn the first instant they uwed D600
(methoxyverapamil) a calcium antagonist, which is not-as specific for VSM as is

] nifedipine. Secondly and perhaps more important is that in inducing responses by

K* (amnM) they used hypertofic solutions. In my studies, where the ED,; g dose.

was GOmM K* only isotonic buffers were used The use of hypertonic depolarising

buffers can promise . the itivity of resp to CATS as part of the

\ T responst is msensmve to such drugs (Hof & Vuorela, 1953) In |ddmon u has been,

shown that the use of hypertonic. media ruulm in the utilization of mtracelluln

sources of Calt- ‘(Andersson, Hellstrand, Joh & Ringberg, 1972) which; thus,
“confounds the analysis of the results.

~n B
To dhte, the results of most studies relating to calcium movements. in the

bypertensive state have not lusively d d whether enhanced Calt

¢ \ -
influx occurs through ROC or POC. Mochizuki, Yamsmoto, Kondo, Aoki, Mizuno
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& Hotts, (1879) reported ii;nt verapamil produced a greater reduction in 5-

bydroxytryptamine (S-HT) or NE induced tension in sortse from SHR compared

to WKY. In another study (Pedersen ef. al:, 1078), ring preparstions of SHR

thoracic sorta were reported to be more sensitive to nifedipine when stimulated
both with NE (185M) or K* (127mM). In the syme study Ca’* deplivz;.ion
studies also showed that the NE and K¥ induced tesponses in SHR relaxed more
-\np/id‘ly ad to s greater magnit ;th?n those- from WKY, indicating that the
" responses were more depengént on (N}e re‘sponu In. contrast, Nghiem

el il.. (1982) reported a decreased léQsiiivily of {nd K induced responses, in
SHR aorts, to D600, compnrea to WKY sortae) Howiver, when Cn""m was
removed npd the t:mnes exposed to D’BOO, the NE response in SHR sorta was more

sensitive than tissues from WKY. The degree of inbibition of K* induced

under ihe same condi jons, in the pre-‘ence of D600 was similar for both
SHR and WKY. Recently Kszda, Gartholf & lf.parr (1985) assessed the sensitivity
of a) (pbenylephrine) and o, (BHT-O";D) induced responses to nisoldipine, an
anslog of nifedipive. They found that o, induced r‘uponm were more sensitive,
than @, induced responsés, in aorts from strake prone spontaneously hypen‘en;ive

rats (SHRSP),| ing s higher availability of Cs®*, metisted through's CaZ*

entry pathway ‘usocial,ed with a l;e;:zpwrs: They did not, however, assess

ivity to K* induced It has yet to be shown as to what extent a,

i}duced responses in the sorta depend on C‘h‘!:x'r' As mentioned before, a; and
a, adrenoceptors have- been reported to be present, in rat tail srteries, with a

v . .
predominance “of the former. Furthermore it has Been proposed: that ay
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, but not a d dis p are depend more on

Clz+m (Medgett & Rsjanayangam, 1084b). Such a, adrenoceptors have Been’

reported . to mediate the ictor | P t NE (endogénous and
exogenous) to s greater extent in SHR t\ul arteries (Medgett et al., 1984a).
Recently Hicks, Tierny & Langer (1985) found that o, adrenoceptor mediated
responses in SHR tail srteries were more sensitive to diltiazem than were a
adrenoceptor Mediated responses in WKY tail arteries. Collectively these studies

suggest a greater Caz*‘ influx through ROC m the hypertensive state.” It should be

hasized that the above described results are from perfused segments of rat tail
arteries. Similar results have not been .demonstrated When helical strip

preparations of rat tail arteries have been studied (Su etal., in press).

. o .
A possible resson for the differences in results could relate to the role of the

ndotheli Juls o

2.8 of

agonist ef{ects. \In'th;a rat aorta
r;ponss to the a, sgonist clonidin’e are -much lpwer than to NE (Egleme,
‘Godrraind & Miller, 1984). Removal of the endothelium enhanced the response to
both 'NE and clonidine, stich that the response to the latter .became almost eqysl
to that produced by NE. Similar r;ponsu‘l in the rat aorts have also. been
reported with oxyrx;etnz;vline and UK 14-304 (Godfraind, Eileme & Ossclhe, 1985).
\ Indeed, in the perfused u_t tail artery, Matsuda, K}Ion, Holtz & Busse (1985) have
shou;n that reapc:nsg induced by lumingl spplication of o, agonists were
,n_ngmgnted’s!ter endothelial removal. In contrast, .o, sgonist-induced responses

were not affected by endocheli_:l.umovnlﬂ
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Table 4-1: Summary of vascular smooth muscle sensitivity
;- to calcium nnugogu.

Ay
2 . . P
Tissue -+ Agonlat  Antagonist Finding Ret
L Aortic NE D600 ND between SHR & WKY W
a Strips * (vormal ultj:m levels) PN
’ 1 Sensitivity\ iz SHR w
5 (low calcium levels) ;
NE Dow ND between SHR & WKY @
Felodipine -
Aorta NE Nifedipine 2 | sensitivity in SHR @
Aortic NE D60 ND between SHR & WKY W
Strips
1 sensitivity in SHR .
(st low D800 conen.) w
Aortie KC1 D80 KD between SHR & WKY @
Strips Felodipine
a o X 3
g Aorta . KCl Nifedipioe 1 sensitivity in SHR BN TN
T Aortic Kel D600 | sensitivity in SHR )
; Strips
¢ ND between SHR & WKY (6
(no external caleium) |
Aortic KCl Verapamil 1 sensiivity in SHR o -
. ® Strips (at low verspamil conen.)
e . 0]
7 -
P - v continued..
.
N "
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* Table. &1 eontinaed.. .
Tizsue Agonist  Antsgonlst Finding Bef
Aortic — _ Clomidine D800 ND between SHR & WK Y- 0]
Strips *
| sensitivity in SHR )
(at high DBOO concn.) ¥
Aortic PGE,  Venpsmil | sesiivity in SHR ®
strips * .
Methoxamine  Verspamil ot semsitivity in SHR (Ul
Carotid art NE D60Q . 1 semitivity in SHR ®
Strips B
1 seusilivity in SHR
(no external calcium
Diac ant NE D600 ND between SHR & WKY 5)
Strips @
1 seasitivity in SHR
{no external ealiium)
Carotid art. KCi Deoo 1 sensitivity in SHR. (5)
Strips N P
1 sensitivity io SHR
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The use of the portal vein, in preference to conduit vessels such as the sorta, as

s model of a resistance vessel, becsuse of an“'m dependency and spon!-lnlolu
discharges, bas been advocated by Sutter ef al., (1977). Harris, Swamy & Triggle
(1983) and Pang & Sutter (1981) both ssessed the semsitivity of NE sod K*
mdnced responses to CATS and found no d:ﬂmncu in Ca?* lrmsloclllon or

permelln]lty sites. These and other studies are summarised in Table. 4-1.

The‘ ‘n’xeth9ds used I"or assessing sensitivity reflect the CATS sensitive influx
route, however, utilization of CA"‘M may confound the interyrulltion of these
r‘ealllts, the second part of t.lﬁﬂ study the latter factor was controlled. Thus the
uliliza/tiou of CA’*M was minimised by‘Clz"'m depletion in a Ca%t free media
followed by activation in s zero Ca?* buffer. Extracellular Ca®* levels were then
mcrused and responses meuured Thus Ca2+ entry into the cell was assessed.

The results from these studies are discussed below. —
o

N

</

i A§
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4.3. Calcium Sensitivity Study. '
In ad attempt G explain sy esbsnced NE ‘seusitivity in 8 week old SHR,
Mulvany & Nyborg (1980) measured the Ca?* sensitivity of mesenteric resistance
vessels in the presence of NE and K*. When the vessels were fully sctivated with

10, NE or 125mM K*, and after c.’*  had been depleted, the SHR vessels

had a higher Ca2+ sensitivity. This incry in sensitivity was only'gb’;srved when

the v&éh were stimulated with NE and not with K*. At submaximal doses of NE

and’K* the Ca?* sens ies were generally Iowe.r but the tissues lrom SHR Wer’e
stxll more sennuve than comparable tissues form the WKY. They reasoned that
either the ‘NE channels’ (ROC) were mon permesble or lhere ‘were more of them.
T have in‘ this study demonstrgted, under similar conditions, that there is indeed

an enhanced CaZ* sensitivity in tail arteries from SHR but not in WKY, when

lated with NE. R to yous Ca2* are shown i Figures. 36 and

'3-7 in preienne of NE and K¥ mpe‘ctivel)n Ca? respon;u in‘ﬁg presence of
submaximal doses of K* and, NE reached maximum at 0:2"’ concentrations of
S5mM. whe‘reu under maximal stimilation the 100% response was measured at
10mM Ca?*. The pD2 values calculated from results obuil;ed in the presence of
submuimi] dos{ of NE and K* were all significantly higher (greater Ca""’
sensitivity): than corresponding vduu obtained when maximal doses of NE a.nd
K™ were used (Table. 3-8). Only in WK vessels s lmuhted with NE was there no

significant difference. This in contrast to the study 'in rat mesenteric resistance
> i y

“Vessels where the Ca?* shmsitivities are lower at submaximal doses of activation

with either NE (1sM) or K* (50mM) (Mulvany & Nyborg, 1980).
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A significant in//:em in Ca®* sensitivity in SHR (pD, = 345 + 094 SHR; 3.26

_% 006 WKY) is only evident at the EDgq (0.70 4 M) level of stimulstion with NE

and not at ED g, (10sM) levels. Mulvany, Nyborg & Mikkelsén, (1982) also found
3
no significant difference in ca%* sensitivity in rat tail artery from SHR when

stimulsted -at 8 ED,g (104M) dose of NE. Such a high concentration of NE

Vpresqm;bly resuits_ in the optimal activation and opening of NE operated

chaunels, but whether this is of physiological signi is debatable. The use of

supramaximal doses of INE merits further mention. In the rat tail artery, whose
resting Em is sbout -54mV (Hermsmeyer, 1976, Hermsmeyer, TmpmiFé A‘hel,
1981), contractions induced by KCl will not occur unless. the membrane patel:linl
is reduced to at least -49mV (Cheung, 1984). In my study the threshold for KCI
induced responses wn.; at 15mM (Figure. 3-3), which shifts the B to about -45mV -
(Hermsmeyer, 1976).About 90% of the contraction occurs when the E_| is chaoged

to between -25m’V to -20mV (Hermsmeyer ef al., 1981). This shift in Em can be

“achieved by increasing t;he K* concentration to about 80mM (Hermsmeyer, 1076,
’

Hermsmeyer el al., 1981). Presumsbly most of the POC are open during—this
bh”ge in E, from the threshold E, Therefore in' order to activate POC‘s, using
depolansmg buffers, one does not need to use supramaximal levels (eg. 127mM
Pedersen ef al,, 1981) of K*. S:Ilch high concentrations of K* will probably, totally
eliminate membrane potential and there could be changes in Cn""’m and
phosphorylated prélein pools thaught to control contraction (Conti, Adelsein,

1980).
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Based on the results obtained from this study it can be concluded that the

effects of submaximal .doses of sgonists should also be studied since such |

conditions most ukeiy reflect physiologi: ditions and any di observed

can thus be related to the disease process.

Thus whilst my data are in contrast to those of Mulvany et ai., (1982) in rat tail

. . - ]
artery, they are consistent with previous studies wheré enhaniced Ca®* sensitivities

were found in mesenteric resistance vessels (Mulvany & Nyborg, wzio) and femoral
rautsnce vessels (Mulvany et al., 1982&(:’[‘!1: stndlee described were condncted on
lnumla which were 12 ‘"fk’ old snd as such the mcreued Ca?t sensitivity could
elther be a primary defect, or ucondary nyd thlu.n consequence of the increase in
pressure. In addition, neurvgemc «influence may also affect the sensitivity.
Mulvnny. Korsgurd & Nilsson (1981) have. , however reporled ugrea.sed CaZt

sensltwmea in S}IR pretrenud with 8-OHDA from birth unhl the third week.

Chemical denervation redyced prssuu in bpth S(@/nnd WKY, but did not affect

\
the difference in C_a sehsitivity present jn adult untreated'n's Thus, despite a

reddction in pressure and gemovnl”of possible neurogenic inflnences, the Ca®*

unuitivity diflgrénces péuistedA Furth p tion of hy ion, in the

same model, by hy Bydralaci and felodipine’ did not affect the changes in

heart/body weights, med| /lumen ratios, and the increased Ca®* snsitivites”

(Mulmﬂ’ny,~ Mikkelég, Pedersen, Nyborg &‘Jepersen, 1083). In an another study
(Mulvany & l\orsgnrd 1983), the relation petween the three cardlovascuhr

.parameters menhoned nbove and blood pressure in SHR/WKY Fz-hybnds were

.
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mased Of the three only Ca2* lelmtmty ol resistance vessels showed a
sxgmﬁcanl correlation with systolic blood pressuré. These resylts, together with
earlier reports of increased ’JAz“‘ densitivity at the 4 week age group, suggest that
increased blood |;rnn could be due to increased ng’ influx and that this influx
is medin;,ed throug!! NE regulated changels (ROCs). A word of. caution is in order
at this stage. The fm;iing of‘increfued Ca?t sensitivity does not imply that ilteg;eé

channel fuiiction is- fily the cause or i d blood pressure, since 8 net

/ increase in Cn'“’m can result from other chnn;es such as changes in 032"'

meubohsm (see section 1.4). «

In su;dis with portal vein from SHR and WKY Harris, Swamy & Triggle (1983) -

found a higher sensmvlty to C&“ -in presence of K* in the hypertensive tate.

WIﬂI NE no such dlﬂ'erencs _were apparent (Harris, Swamy, Triggle & Walters,
1980). Lipe & Moulds (1035) found no slgmﬁcunt differences between digital

.te_ris from hypertenswe and normotenslve patients, in Ca?t pD values
de mmz in the presence of K" or NE in a Ca?* free medmm Norwere there

significant dlﬂerencu m the ability of verapmml to reduce maxiffhl responses

. induced by NE. Lipe & Moulds (1985) ml.erpreted their results in terms of there * °

being o b lity; of the hani ulati Ca®* ion entry and release in

VSM, at len.st in buman digital nrtenu

In view of the reported Ca®* sensitivity changes, I furthier extended my study to,
. . :

‘assess the effect of nifedipine on Calt entry through ROC and POC, into the cell.
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Ca?t sensitivity was thus assessed after exposure of the vessels to varying

of nifedipine. Nifedipine' (9.05 and 1.0nM) affected the NE
.. N
activated Ca®* response curve equally in both SHR (Figure. 3-12.) and WKY
(Figure. 3-13.) tail arteries. This is’tlgnrly: shown if one compares the change in ‘

Ca?t pDz from control valus to that in presence of nifedipine (Table. 3-7j. The

in Ca?* itivity is ne ifi (P-> 0.05). When the nifedipine

concentration was increased to 100nM a significant rightward shift was observed

for-goth SHR (P < 0.01) and WKY (P < 0.05) Ca?*'dose-response curves.

Responses to C;'“;i/n‘ the praen‘ce of NE were m§y; sensitive to nifedipine in

« WKY vessels than in SHR, suggesting s possible ‘slteration in ROC. The Cn"‘;
» response curve (WKY), in presence of 1.00M nifedipine, had a g;en'.er maximal
response than the con;nbined control response curve. No explanation can be o{rergd

for this anomaly, particularly since control responses had been reproducible.

' A rightward shift'in Ca* dose-response curves is observed in K* activated
vessels from both SHR (Figure. 3-14.) and WKY (Figure. 3-15.) at the two lower
doses_of 'nifedipine (0.05 and 1.00%).- The resultant reduction in CaZ* pD, (ie.

reduced sensitivity) is greater (P < 0.05) in/tisslm from SHR vessels (Table: 3-_8‘)

exposed to 0.050M nifedipil At higher trati the shift in'Caﬁ"‘ pD, is

= liéniﬁcmt in_both SHR (P< 0.0.5) and WKY (P < 0.05) vessels. Also apparent in

T " this study is the selectivity of nifedipine for Ca?* resp induced by

depoarisation over that induced by NE. This is cleatly illustrated by the almost

/ 3 plete inhibition of the Ca®* resp in presence of 100nM nifediphe when
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FE vessels werg activated by K*. At this eoncenlnl.?o'n of nifedipine, the Ca?t
responses in NE sctivated vusek were about 30% (WKY) and w% (SHR) of the

control response. The results collectively suggest a lower’ sensitivity of the ROC

and a higher sensitivity of POC in the SHR, to nifedipine. . ]

] A lower sensitivity to nifedipine. has been reported by Kannan, Seip &

k& Crankshaw (1086) in the sorts of SHR. They reported that Ca®* induced
responses in K* sctivaied SHR sorts were more resistant to nifedipine than were

- WKY asorta as indicated by greater rightward shifts in the Ca?* dbse-rgponn e

curves, in the latter, with i sing nifedipi i No differences
between SHR and WKY tissues with regards to Calt responses were observed,
nmier similar conditions, in the superior mesenteric artery. They gholyepotud C I
| - that sortic responses to K* ‘were more dependert on Ca"’m thsn.raponscs to * ‘

K* in the suyer‘ior mesenteric artery. It was argued by Kannan et al., (1988) that

the decrease in sensitivity vio nifedipiné could be due to either alterations in‘th:

activation process ft;r POCs or that the extent of depohr_isstion in SHR sorts was

" __ less than that in WKY. Alt;ermtively, slthough not suggested by Kannan ef al.,
- ) (1988), SHR sorta may be more dé’pe}:dent onrqtntenlmerl“ mobiliuti(:n xﬁ'

* response to K* stimulatipn and that internal releue isenha:zted in 'vutulnrjli.uue

from SHR. Whether depolamahon is different in the aorta is not knnwn, but at

banicall

least in the rabbit sorta, NE induced resp are not "eleet
coupled’ {Cauvin et al., 1985) (ie. response is more or less due to operl!ion' of ROC

and an"‘m)‘ Aortic li;sue fiom the S‘HR, compared .to WKY has also been
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-reported to be less sensitive to verapamil in the concentration range of 10® to

10°M (Levy, 1975). '

The lower sensitivity of ROC to nifedipine aad the inerease in semsitivty to
Ca?* in the presence of NE (previous study) requires comment. Why should there
be an apparent decrease in sensitivity? In the first place the increase in Ca?*
sensitivity is on‘ly observed at EDg levels of NE, there being no diﬁmu' at the
ED, 4, level. The ipine study investigated Ca’t r mses tnder maximal

levels of activation with NE. At such levels of activation, & higher pljopo'rtion of
CI“'/C'IIIIN!]I are presumably open through which Ca?* enters: The.‘ amount of
CaZ+ entering would therefore be expecuf to be higher than at' submaximal levels

o .
of the agonist. McGrath (1085) has reported that in the isolated rat anococcygeus

smooth muscle i to submaximal levels of sgonist are

nifedipine sensitive wheress maximal resp were nifedipine insensitive. It is
therefore' possible that the higher amount of Ca?* in the cell, in some manner,

affects the sensitivity of R to nifedipine and that this d d itivity is

more significant in tissues from the SHR. Indeed inactivation of POCs by Cl’+m
bas been .described by Hurwitz, McGuffe, Smith & Little (1982) in the guines' sl(

ileal longitudinal muscle.

In any eue; such changes in unviti')ity, in the presence of CATS are not new.
Kawsguchi, Aoki, Yamamoto & Hotta (. 11?s£) reported a decreased genﬁtivil.y to'
Ca?* in’ the SHR mesenteric artery when activated with eitber NE or K*. ';l’hé .




.

. 143

itivity of the NE activated Ca®* to dilti was iner éd in SHR

ponses in WKY, suggesting changes in ROCs aad POCs.

arteries d to

Further studies with more potent 1,4,dihydropyridines on Ca®* responses have
:
been reported by Nyborg, Byg-Hansen & Mulavny (1985). Using felodipine, which

_ is more potent (1000 fold) than either nifedipine, ’ur D600, as an antagonist of

either K* or NE responses (Nybor; & Mulvany, 1084), it was reported that -

mésenteric resistance arteries from SHR were more sensitive to the nn"o\ﬁist

than WKY arteries. Unf ely, only the itivity of NE activated arteries,

and not K+ activated arteries was assessed:
\

The ;tuﬂia mentioned here have provided evidence, that in hypertensives there
may be a geater role for calcium channels in mediating Ca?t influx into VSM cell,
which ultimately leads to increased tome snd hence increased TPVR. Most

interpret i itivity to CATS in terms of there being sn

- abnormality of the ‘system’ op which suck compounds act. Since CATS.

preferentially act at i’OCsTwould seem logical to extrapolate such findings add
postulate that the mle’ of POCs is’sltered in the hypertensive state. It has been

argued that this extrapolation may not .necmu'ily be true (Nyborg et al, 1985),

“since NE' acti o can’ be b ial densitive ie,, NE activation of
vessels causes membrane depolarization, such that the response to NE:is probably
_in part due'to Cl’f influx through POCs. They further suggest that the

differences lie in the ROCs, if activation of these leads to greater depolarisation in
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SHR vessels ie, more ROC activation lend'm’ to greater depolarisation. | U

Hermsmeyer éal., (1981) have postulated that the membrane potential of VSM is
" the major factor controlling VSM tone. In SHR tail arteries, Hermsmeyer has

reported that the extent of d isation: upon i ing doses- of NE ¢
is greater in SHR than in WKY (Hermsmeyer, 1976). The basis for this increase in
depolarisation is an apparent decrease in intracellular K* in SHR vessels 'nsu‘lting
in a decreased K* equilibrium potential (Ex)- A reduced Ey in'arterial muscle
‘would increase the sensitivity to vasoactive agents, such ns‘ NE, which mediate

: iy, o yliaeiee s 2

Agonist stimulation which

their action™ through.
depolarises E_, Ie;ds to il;creuu.in iodic condu'clancee, ‘including (;.H. through
voltage sensitive channels (Haeusl‘er, 1983, ljlu&er & Sperelakis,.1979). Therefore
it would not be inconsistent to mggeef that as a result faf greater depolarisation,
more PQCS. are activated in SHR tail arteries. For a given concentration of NE
mor:_(inz"' could enter the cell throngl; these POCs. This increase in utilization ‘of

POCs could occur with or without changes in ROC function.

r
L)

Some evidence for this comes from studies on arterigs which hn\';e intrinsic_

(myogenic) -tone, ‘As ioned in the Introduction, this tome is the most

. important d. miné  of vascular ist It is present even in the absence of -

external stilﬁuli and may have an’ nﬁwregulnwry function” (Bevan, 1985).

Myfogel_lic tone is dependent on Cn"’m (Hwa &‘ B_ev:ﬁ. "1086). In ‘eat and rat

cerebral uieriu, elév:iinn of transmural pressure results in cell depolarisation and _

action potential ;e‘nention (Harder, 1984, Halpern, Morigeon & Root, 1984) which

-
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appear to be due to pressure mediated increases in Ca®* permesbilities. In middle
cerebral artery from SHR and WKY rats, the effect of increasing transmural

pressure is & However this d is greater

in middle cerebral arferies from SHR animals than WKY animals (Harder, Smeda

& Lombard, 1985). Whethér this enh d depolarisation is due to ions in

fluxes of Q:_“ or some other ionic mechanisms is tot known, but in SHR arterial

muscle ;nhmced “Ca?t and other divalent cation permeabilities have been

demonstrated (Shibata, Kurahuchi'& Kuchii, 1073, Jones, I‘d‘“, Bohr, 1574, No;n.

Rice & Baldessarini, flﬂ78, dnldbng & Triggle, 1977), For a ncent:réview see
i i

Jongs (4981, Trrespect of the underlying cause of enhanced depolarisation, the

end result is the same: enhanced CaZ* entry (through POCs) into the VSM cell

(Johansson & Sonﬂy;), 1080) and therefore tone. An indic®tjon of this is pn?'vided
by the work of Harder et al., I(lllss).‘ln addition. to me'uuring E,, changes with
increasing pressures they also assessed the effect of verapamil on tone in response
to pressure changes. They found that at transmural pressures of 100mmHg and

above, active tone was greater in SHR cerebral srteries than.in WKY ;rteries_._jn

WKY vessels the sensitivity to verapamil d d with i ing ptessure.
. L ]
Therefore eves§ in the_;sence of NE stimulation, enhqncesl Jez* entry can take
plué‘ through POCs. However, whether this pi:enomenon is of physiological\
li.gniﬁcu;ce does not need to be determined, although it would seem logical, ao

assume that pressure related changes in tone should ‘contribute to TPVR. An

increase in myogenic activity with ion in response to stretch, the
. -
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Bayliss response, might be expecv.ed to elevate peripheral resistance,, under
<conditions of increased cardiac output. In the SHR, the devebénul phase n;f
hypertension is characterised by &n increase in cardia¢ output, but normal TPVR

(Albretcht, 1974, Preutitt & Qowell, 1978)." B
4

Whether an enhanced Ca®* sensitivity, as found in the tail ;rury in the studies .
described in this thesis or in other tissues (Mulvany & Nyborg; 1680) is related to
the rise in BP can be questioned. It is possible that there is no such rehtio_nship

~ . and that the observed differences are due to the unique genetic niakenp of the

strains. That enhanced Ca®* sensitivity sy not be related to high BP is
i, :

supported by studies on SHR, WKY nCd Wistar rats (Mulvany & Nyborg, 1983).

They reported enhanced NE activated CaZ* sensitivity in both SHR (MAP= 138

mmHg, Ca?* pD,=4.00) and normotensive Wistar (MAP= 110 mmHg, Ca’*

pD,= 4.03) ric resi vessels. The sensitivity (Ca®* pD,= 3.8 ) of

WKY (MAP=111 mmHg) vessels was, however, lower.

"

Nevertheless, on the basis of the Ca®* itivity study indi

effects of CATS in hyp ive than in ive vessels, greater effects on
peripheral resistance should be found under in vivo conditions in hypertensive
animals and Immn.ns‘ Studies related to this hypothesis are discussed in the next

section. . @
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4.4. In Vivo Study.
' v’

In the present study,pacute intravenous (i.v.) infusion of nifedipine caused dose
dependen}l reductions of mean arterial pressure (MAP) in anesthetised SHR, WKY
and Wistar rat. This dose dependent decrease in MAP was observed in all the
three age groups studied. In the 5 week age group of animals, wl;ich is considered
by some.to be ‘prehypertensive’ in SHR (see Lais, Boutele, DiBona & Brody, 1977.
for references) , the MAP of SHR was significantly higher (P'< 0.05) than that of
WKY rats. Lais et al;, (1077) nl'ao reported‘signjﬁcnnﬂy hiél\er pressures in 4 week
old SHR than in age matched WKY rats ax;d thus snggw..ed that only those SHR

of 3 weeks of age or younger s‘holﬁd be classed prehypertensive.

In the 5 week old age ybu;i the effect of nifedipine was nof signiﬁcantly'
4 2

different between SHR and WKY rats. lq contrast to th?s, nifedipine lowered
MAP to a significantly greater (P < 0.05) extent in SHR compared with WKY or
Wistar rats in the 10-12 week sge. group. -With respect to WKY rats the fall in
pressures were not significantly different from SHR at the low doses of nifedipine
(0.01, 0.02 & 0.04 mg kg'l), only at 071, 0.2 and 0.4 mg‘kg‘l nifedipine were there
significant differences. Whep one compares the sensitivity of KY and Wistar
rats to SHR rats, the Wistar is more resistant to the hypotensive effect of
nifedipine than the WKY strain. Within ‘the 20 week age group, there is &

in itivity to nifedipine .i.e. the differential sensitivity to nifedipine

observed in the 10-12 week age group is reduced.
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Nifedipine is known to " /inhibit excitation_ ion coupling in*VSM by
inhibiting Ca2* entry through POCs (nglrnind, 1083, Triggle, 1984b). The
antibypertensive effect of CATS has been suggested to result from vasodilation of
peripheral vessels (Vater, Kroneberg, Hoffmeister, Kaller, Merg, ‘Oberdof, Puls,
Schlossman & Stoepel, 1972, Ogura & Hashimoto, 197‘4). With this knowledge,
and together'with b-ther in vivo dntu,( it has been postulated that there is an
sbnormally high Cl2+ influx in the hypertensive state (Kwan, 1985b) coupled with_

a redllced membrane Ca?*ATPase. Funhermon, lnd in view.of the relative

~/
selectivity of CATS such- s nift dipine and ni ipine for POCs, 'and
i -
the differential sensitivity in hypertensives, it has been argued that this postulated

higher Ca?* influx is mediated through POCs (Ishii ¢! al., 1080, Robinson, 1985). *

Similar results €0 those presented here have been reported by other researchers <
in different nz\in‘nl models of hyperunuiop, In 5}{R, nifedipine administered i.p., at
8 dose which produced a marked fall in pressure had no effect 'n‘:f normotensive
controls (Iriuchijima, 1980). In DqOCA-NnCl hypertensive r\sm the hypotensive
effect of nifedipine (p.o), was ‘gl“&lhl’ than that induced by hydralazine.
Hydfahzme itsell was more potent in normotensive control animals. A selectlve
hypotensive effect lollnvung acute ndmmutrmon has also been shown in the Dshl-
Salt-Sensitive (DSS) rat model of hypenension (Sharma et al., 1984). These and -

other studies are summarised in Table. 4-2.

’ Such animal studies are complemented by studies on human essential
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. Table 4-3: Antibypertensive effects of calcium antagonists.
.« Drug Dose mg/kg  Animal Finding Ref
(Route)
Verapahil SD/Wistar” | MAP ©% w
\ Nifedipine DSS(LS) 1 seasitivity compsired (2)
to DSR(LS)
e
DSS(HS) 1 sensitivity compared to
N DSR(HS) =
50 SHR | SAP 9% 13)
' (po)
. WKY | SAP 2%
R . .
03 SHR | SAP 16% @
(ip.) .
DOCA-NaCl | SAP 31% "
Sy
~ ... ° . WKY NS ia SAP
. . 5 ’
.
30 SHR | MAP 30% (s)
(po)
WKy | MAP 18%
Nitrendipine 31 SHR | SAP 30% ()
(po) .
DOCA-NaCl | SAP 31%
WISTAR | MAP 19%
Nisoldipine 10-31 SHR | SAP 12 - 18% 8
. (po) \
Rat | SAP 8- 30%
Rensl(1K.1C)
/
continued &
)
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¢ Table. 4-2. continued...

Drug Dose mg/kg Animal Finding Ref
(Route)
—_ Nifedipine 0.01- 10 SHR™ . | MAP M
(iv.) (5 week animals)

a WKY" | MAP. NS with SHR

~ ~ i, (5 week animals) .-
, 001-10 SHR™ | MAP @

- fiv) " (10 - 12 week animals

wKY'

(10 - 12 week animals)

| MAP
(> 20 week animals)

(> 20 week animals)

(10 - 12 week animals)
r :

@

MAP, mean arterial pressure; SAP, systolic arterial pressure; HR, heart rate;

*, anesthetised; DSS, Dabl Salt Sensitive; DSR, Dabl Salt Resistant; HS, High
“Salt Diet; LS, Low Salt Diet; 1K.1C, 1 Kidney 1Clip; NS 0o sigoificant
difference;

a, significant differences ouly at higher doses. b; more insensitive
to nifedfpine than WKY rats; ¢, loss in differential sensitivity in SHR'
compared®o 10 - 12 week age group;

N (1)=Oates, 107
(4)-lnuenuum. 1080, (5)=Knbc o -1 man (ﬂ)—S\oepel zl al mx
(7)=This study; (8)=Kazds et al., 1080.
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bypertension. ‘These again show a differential sensitivity to CATS (Aoki, ¢
Mochizuki, Yoshida, Kab, Kato & Takikaws, 1078, Pedersen, Ch‘rialemn &
ansch; 1587, A;ki, Kawaguchi, Sato, Kondo & Yamamoto, 1082)? Enhanced
vasodilation in hypertensives during Ca?* channel blockade with verapamil has
also been rep‘orled by Hulthen et al., (1082). This effect is app‘rently related to
the level of BP prior'to CATS administration (Bubler et al., 1982, McGregor et
al., 1983, Ymhimhl_et al., 1983). BP is directly related to vacular resistance and

the latter increases with increasing severity of hypertension (Lund-Johansen,

1077). A signi lationship between the ifedipine induced d in BP
and systemic vascular resistance has been nhown.(olivuri, B:rwreﬂi, Polese,
Fi)}entini, Moruzzi & Guazzi, 1979). In contrast u; the findings of Olivari et al.,
(1979) the sgport by Sharma et al., (1984) indicates that DSS rats prior to the
induc!‘,ion of hypertension with an elevated NaCl diet, are also more sensitive to

the anti-hypertensive action of nifedipine. 5w B

Since vascular resistance is a function of peripheral tone, and in view of the

dependence of tone on Cl”m and the effecti of CATS in hyp /W.\

is not unreasohable to expect changes in Ca* channel function.

Most of the studies reporting the selective effect of CATS in hypenenaion have
either been chronic ar the drug was administered p.o. It is probable that what one
is observing is not the the effect of Ca?* influx blockade, but a com?wsile effect

masked by sutoregulatory adaptations. Very few uute( studies have been done
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where the drug is administered i.v.‘The method used here is acute, and the effect

seen would be expected to be a more faithful reflection of CaZ* inflix blockade at

. "y 5
its maximum. . E S

~

M on the re;ulu .obl.ui{nd it\ appears that vasoconstriction at the
*prehypert.asive’ stage in bypertensio’in SHR u Dot & result a\fnhmced CaZt

3 inl’l\lt!hrough POCs, and th;re e, is unlikely as l primary pathological factor of
: dutqrbnca in tlm model. 'l‘hll would lppen to be oomutent with the enolou-of
hypertension in SHR lnimlls ey norm;.l peripheral vascular tone but raised
cardiac output. In the humm case of hyperunnnn somewhat similar results have

been reported by Hulthen, Boll.l & Buhler (1985) They reporl.ed thnt mcudlpme

oo duced & signil 1 4

and pamil 8 greater

resistance (FVR) in toderate bypertensive patients (diastolic pressure' > 85

mmHg) than in ive or mild hypertensives (diastolic pressure < 85

mmHg). Furth aodinm itrop a ; & pecific’ general’

bhad no such =ﬂecL They murpreud their rsnlt.s in terms of-enhanced an"'

" influx mediated iction/ in°mads bnlnotml.ld‘

The results in the present lludlu with the 10-12 week age group show slgmﬁeml
dlﬂereueu in the ntlhyp!mnalve effect of m!adlpme The enhnnced response to

nifedipine can be interpreted in either of two ways. In the first instance it might

. reﬂev.:l a functional change in VSM. ,A]ternniively. i&;\niﬂlt be due’ to a non-

“specific hanc i uent to 1 modifications of blood vessels as

in forearm vmn[u ®
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:nguied by Folkow (1878). As a consequence of :lr‘-‘wmnl‘:hmgu, the effects of
vasodilator n_nd vasoconstrictor agents on vascular resistance may be enhanced in
the hypertensive state. That the eshanced vasodilstor response to CATS is not
smaesics ol atrectarial dhiiiges M b dhowi by Riobissoa, Dibbe & Bayley

2 -\
(1982). They assessed the dil. .response to r il and sodium
= o nil.roprluside in hypertensive and normuluive patients.  In the fomm the i

increase in forearm blood flow was greater after veupuml infusion. The increase

. in flow was, however, less after sodium mhmon in hyp
pltienu compared to notmabemiyu. G}m‘ly then, if structural ehmgu were
’r;lponsible for a enhanced response, the i;zereuo in blood flow ougl‘n ‘w hl-ve
been the same lor both types of vuodllaum The 'u:t '.hat the vuodlhhon is not.

L Lln same, pomh to some other hdm other than structural :hmge bemx tlle cause,

&

of s differential response.

1t could be argued tha the grester reduction in MAP of SHR, could be dué to
a0, abnormal baroreceptor function ia this strain. If - baroreflex !unclion"m

opm'n.l in both groups, tiood pressure should be nfaintained at pre-tilédipine

levels in both byp ives -and énsives. Conceivably the differential

. senmwlty between DSS (Sharma,et al., 1084) tnd Dahl Sal-Resistant rats (DSR), . T
which is pga@er than that b8tween Sl-IZR and WKY (t\:u study), may reflect. the *
; 0

defect reflex \\(hich has' been ‘described in the DSS rat by G'ordon’,
Mofsuguehi & Mark (1981). Indeed Gordon et al,. (I881) nite X

lephriné ib DSS rats on a 0.4% salt aie! indicating




.that the baroreceptor reflex defect is s primary change and thus not secondary to

the elevated BP. A baroreceptor defect does not appesr to be the major cause of )
the-hyperactivg sympm;e'.ic nervous system and the resultant hypertension in_
young SHR (Judy & Farrell, 1979). The greater sensitivity, in acute studies, of
DSS st c;;.mmred to the SHR to the hypotensive action of nifedipine may thus
relate to such alterstions in baroreceptor activity between the two strains of
hypertensive rat. Whilnr stlch alterations may explnlin differences in sensitivity

between the two strains, baoreflex differences between the SHR and WKY strains

could Algge;plﬁn the results observed,

Stmyker-Bvudier, Evenall, Smits & van Essen (1982) studied baroreflex
sensmmy (BRS) in SHR and WKY rats froma yr.yhg (4 week) age nnd during
the developmenl of hypertension till the animals were 20 weeks old. They reported

that in 4 week old SHR .and WKY the mean BRS was similar. However as the

"animals grew older, the BRS increased only in WKY rats, such that at the 20

week period, BRS was significantly higher (P < 0.05) than that observed in age
3 “% ;
matched SHR rats. The BRS in SHR rats did not change appreciably over the age
. {
range studied. Therefore for a given dose of nifedipiné the ability of SHR animals

to effectively counteract the drop in prmnre would\ be less than® that of WKY

. animals, who, apparently, hsve a 'normal’ BRS DuL to this reduced BRS, the

drop in pressure would be expected to be_greater u;SHR than in an animal witha
“ 2

normal (or relatively more. effecient) BRS (WKY). : =




o

. pentobarbitak and since hetics  exert di lar and b

Y185
Pedersen, Christensen & Ramsch (1980) found a significant correlation betweenr
the decrease in vasculsr resistance of the foresrm and the increase in hear#rate in

normotensives; but no such correlation was found in the hypertensive subjects

gesting an i in the hyp ive in response

to nifedipine. Thus whilst an impaired BRS may i to @ i d
reduction in pressure, with hypertensive drugs, the extent of this correhtmn is
pmbably .ot sufficient” '.o sccount for all differences. Furthermore a defechve
baroreceptor system cannot readily sccount for the differential sensltnnly\_ol

yp ives to nifedipi pared to, for instance, sodium nitroprusside.

Since the currently described studies were carried out in tats anesthetised with

“depressant actions (Altura,1080), itis possnble tha the effect of nifedipine mny be

influenced. However, similar ﬁndlngx which have heen reported from studies in
conscious animals (lshii et al,, 1980, Iriuchijima, 1980) and bumans, srgue against

a confounding influence of the anesthetic on the interpretation of the data.
' .

The least sens‘ntiv_e of the two control strains was the Wistar strain (Table. 3-12
% i g

.
and Figure. 3-18). This is not surprising if one_considers the origins of the SHR

and WKY strains, Both the latter derived frm Wistar pnrent ﬂruns And in

reslity theWKY may also be dured i comparision wother st ulrnm, as a

geneuc anomaly At two of the( doses of mledlpme lhere Wwere ummﬁnnl

diffe ces in the hypotensive effect pated to WKY (Tnble. 3-12 and Figure.
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-’HS) Some §n vilro dats also mgest Mererms between WKY and Wistar
nnm,l in bandling of Cl” It has been le'poned that tissues from hypertensive
asimals respond to non—phy:iblog_ial cafions !llth s La%* lshﬁug ét al., 1973,
'. Bobr, 1074, Goldberg & Triggle, 1977). The La® response is thought to reflect
lllenuom in Ca¥* bmdm( and permesbility properties of VSM membrane. This
Le’ oY response is sbsent in ordinary Wistar rats (Goldberg & Triggle, 1977) but is
prominent in rats derived from the Wistar Kyoto rat (Triggle & Laher, 1985).

Triggle & Laher 11085) concluded, however, that slthough the La%t response was

determined pheno present in SHR -.nd absent in Wistar or
S?ngue Dlwiey rats, the magnitude of the La3+ re response did not correlate la the

degree of by i .in SHR and ically related offspring and thus was not

related to bypertension. In the present study it appears that nifedipine sensitivity
i ~ G

of WKY sid Wistsr. rats parallels the semsitivity of the tissues from these aaimals

toLa3* '

I lndecd thefe is an enh dh ive effect of mifedipi in by

lhen enbanced Gs”* influx must be demonstrated in the hypenenﬂve state. Thn

has been dlfﬁcult to show dlre-:tly in view of the complexity of intracellulsr Ca®*
_unno-m VSM and the ubqunmoul nature of the ion, Only indirect extrapolations

bave been possible such as those reported by Buhler :l al., (1985). They quantified

diated

a) and o, ad) p i tone in normo- snd hypumnnve

patients by messuring the vasodilation in the forearmn, following intra-arterial
- 7

infusions of prazosin (a; ist) and

(ay ist). They found
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that, in Ilypenen;lives, the incren’e in fol’enm flow (indicating vasodilation) was
~ greater wi.!h prazosin and yohimbine. They interpreted the results in terms of
enhanced Ca2* influx mediated vis ul‘nnd oy adrenoceptors. They did not,
however, address the possli'bility of Ca2* release from inlrf;ceilular/stores and thus

their conclusion must be viewed with caution. In the same study they reported a

greater dilator effect in hypertensives with nitrendipin ing cobenced
Ca’*' influx Athrough POCs. An enhanced role‘ for a, ‘adrenoceptors in
hypertension, ‘Imed_on studies pe;forme_d on perfused tail artery segments from’
“the SHR compared to the col;trol WKY, has been suggested by Medgett et al,,
. (10843)‘ Furthermore, responses mediated by an a, agonist, TL : in the SHR
were more sensitive to the inhibitory effects of diltiazem (Hicks et al., 1985)
whereas diltiazem inhibited to an equal degree ‘x medmted responses. in tissues
from SHR and WKY. Hicks.et al., (1985) also demonstnted that the effects of
electrical field stin‘;umion of the perfused tail artery were antagonised by,
diltiazem in O?he'SHR\bu_t not in WKY. Implicit in these findings 8 the siggestion

N

of i d o, ad diated Ca2* influx through ROCs  ead/or e,

adrenoceptors linked to POCs. This enhanced Ca?* influx could occur when there

isan alteration in the properties of a-adrenoceptors (both o, and ay). )

The slteration(s) may manifest as differences in receptor number (B, .) and/or -
llﬁni".y. A diyect\u;y/ to assess such changes, if they exist, is to conduct

" radioligand binding S\l!ld'lel. /




Unfortunately binding studies in animal models of hypertensioiydo not reveal a
- clear cut trend in changes of a adrenoceptors snd the resultg are often confusing
and contradictory. The\ topic of adrenergic r’ecepters ‘in h¥pertension has been
recently been reviewed (Rose‘ndorﬂ', Susanni, Hurwitz'& Ross, 1085). In any case
altered numbers or affinities of a adrenoceptors may not be relevant to possible

functional lmphca.tlon One may still hive the same slﬁmty of number of bmdmg

sites on VSM, but an lificati hani (second that is more

R eﬂement (enhanced receptor effector coupling) such tlm occupation of &' recepwr
(or recep'.or site) could produce a larger repsonse thsn it normally does wonld

probably suffice.

So far the action of nifedipine kisibeen discussed in- terms of Ca®+ inrl‘ux
blocksde. Studies with DSS and DOCA-NaCl hypertensive rats indicate that the
uensitivit‘y to nifedipine. (in vivo) is apparently grester in thm\e mc_»dels of
hypertension than in SH{Z (Ishii et al., 1980, Iriuchijims, 1980, Kazda, Gn‘rthoff &
Thomas, 1983). A. differential sensitivity “to nifedipine which was reported .in

human hy ision (MacGregor, Markandu, Rotellsr, Smith & Safuella, 1083)

was ehanced further if the patients were sodium loaded (M;cGregor, Markandu,
Smith & Ssguella, 1085). These ;s_tudiu suggest that either VSM tone in’ salt
induced fon:m of hypertension is more dependent on Cs®* or that Ca?*
antagonists might have an additional effect besides péripheral vasodilation'in these
forms of hypertension. Indeed it has now been shown that CATS, in contrast to

minoxidil and sodjum nitroprusside, actually decrease Na* (\nd water retention,
“

7 -

' <
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leading to sn oversll volume load reduction (Garthoff, Kazds, Knorr, Thomas,

1983). Similsr incresses in Na* excretion in acutely saline loaded rats hx also

“been reported in SHR rats (Glrthbﬂ‘, Kazda, Knorr & Thomss, 1882). Thus the

antibypertensive effect of CATS ‘may ot only be due to peripheral vasodilation. -

The results obtained at the 20 week or greater group are surprising in that the

difference in itivity to nifedi is hat reduced. Only at two doses were

there sig-niﬁunt decreases, M- this sge, the BP is higher than that in the younger
age groups (Tables. 3-8 and 3-10). This stage is considered as the 'established
‘hypertension’ stage. If one compares the percantnge reduction in MAP in the SHR
at the 10-12 week age gmup and the 20 week age group, for each dose of
nifedipine there is a slight loss in sensitivity i.e., the percentage reduction in MAP
in the 20 week age group is, if anything, slightly less than that of the 10-12 week
age group. One possible reason for this could be that in this sge groyp the BP is
nov; more dependent upon structural changes of the biood lvmel than Ca2+ influx
into the VSM cells. As previously reviewed, however, Buhler et al., (1982) nit‘d
MecGregor ef al, (1983) have reported s significant correlation between
effectiveness of CATS and the pretreatment levels of BP. The study reported by

Bubler et al, (1982) was, however, 8 chronic study whereas the current study

reports the ive results following acute ini ion. The possibility of

differences between batches must also be considered since the rats were bought at

different times for each of the age groups.

e )
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Notwithstanding the results for this age group, the other results suggest that »
there may an altered Ca?* influx through POC. The results from the in vivo and
in vitro data offer indirect evidence for altered role of POC funetion.’




4.5. Binding Studies. E ®

The'nlt!red sensitivity to nifedipine of K* in‘ducel responses(in wilro a'nT& in
vivo) and increased Ca¥* sensitivity of NE induced responses are indicative of
alterations in Ca?* handling by VSM form the SHR. Such diﬂrrence; may reflect
differences in the affinity of nifedipine for binding sites on POCs or that the

~. > .
number of binding sites is increased and coupling to the receptor thus enhanced,

in hypertensive conditions. With this in view, prelimi studies were cond d

on binding assays of tail arteries form SHR and WK rats.

‘The binding results cannot be quantitstively compared owj.ng to p:ncity’ of the
data. ‘Nevertheless what data there Is, indic;l& that- there is rela‘tively high
affinity binding to plssma membrane fractions/lrom tail arteries. The ky values,
which sre in the sub nanomolar range (Table. 3-15) are consistent with other
studies which report similar sffinities. These include bovine sorta[k, = 0.100M]
(Sarmiento, Janis, Jeskins, Katz & Trigggle, 1084), canine sortalk,=0.31aM),

canine mesenteric artery[k,=0.250M and rat mesenteric arterylk,=O.1nM]

(Triggle, Agnwnl Bolger, Daniel, Kwan, Luchowski & Triggle, 1983), guinea pig :

lleum{k ._o 160M] (Bolger, Geng‘ Klockowski, Siegel, Janis, Triggle & Triggle,

1983), nt, myometrium(k ;=0.18a M|, rat stomach(k;=0.150M] and guinea pig

bladder[k y=0.15n M] (Triggle, 1984b). These data were obtained at 25°C and low
protein concentration, conditions under which the present dats were determined
(25°C and 15-35ug protein). At higher temperatures (37°C) and high protein

concentrations, lower binding affinities have been reported (Triggle & Jonis, 1084).
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The melue- obtained in this study suggest a high density binding in the tail
;mry. ‘This would be in contrast to the low density binding found in other smooth
muscle mentioned sbove. In general, for blood vessels, the range of B\u\x is about
80 -125 fmol/mg pre.uin, whereas that for other smooth muscles the bifiding levels
are wmev.vhlt higher. One possible reason for this could be tlxe‘ isolation procedure
itsell. The plasma fraction (sarcolemma enriched fraction) I obtained was by
C differential centrifugation, which isfthe method used in isolating similar fractions
in bovine sorta (Sarmiento el .al, 1084), cnninq\aom, canine and rat mesenteric
artery (Triggle et al,, 1082), although these uuthéru extended their purification by
sucrose densily centrifugation. A iwunﬁal source of the difference in apparent
B, could theréfore be related to the’ degre; :f purification inherent in the
method used. ;n indication of the enrichment is given by the enhsncement of
membrane marker enzymes in the microsomal fractions. In this study, the level of
enrichment of 5'ND, which is s putative marker for plasma membranes is
" consistent with the level of enri\%ent of 5'ND activity reported by Triggle et al.,

(1982) in canine aorts, canine and rat mesenteric arteries.

Triggle & Janis (1984), have argued that the observed high B,gax of nitrendipine
in guinea pig ileal smooth muufle (1100 fmol/mg prol;in) is not due to differences
in Shrichment. A second possible reason for the high Bax observed in- this study
is the bindingof nitrendipine to the nerve endings. Nitrendipine is keown to bind

. with bigh affinity to brain tissue (Bellernann, 1982, Gould, Murphy & Snyder, *

1982, Belleman, Schade & Towart, 1080). The rat tail artery is a richly innervated
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blood vessel, more so than the mesentric artery or the sorts. Thus it is possible

that included in the B, ,, values is binding to neuropal tissue in the blood vessel.
In contrast to the low density of binding sites in blood vessels, sreas rich in

e
synapses of the brain exhibit a higher density of binding (Murphy, 1082).

The data presented hert do mot permit sny conclusions concening posible
changes in POC affinity or numher.‘;(‘he kd values obtained are close to the leo
values obtained in the in vilro study. This is consistent with the goofl : 1 linear

correlation shown for a series of Kt induced mechanical responses in guines pig; |

ﬂenl itudinal th muscle and i ition of specific *H-ni dipi bmdm_g

in the same tissue (Bolger, Gengb. Klockowski, :Si!gel .lnnis,‘ Triﬁgle & Triggle,

1983). To date very.few smdla have been done on SH-mtrendlpme binding \n

SHR and W]& Ishii, Kano, K rabe & Ando (1983) report a signifieant increase

inB,, of *H-nitrendipine in SHR bmn ussues ‘whereas ky vnlues did not change.
In the same study they found no slgmﬁcant dll’!erentes in either B, or k, values
for cardiac tissue from 9 wk old SHR and WKY. Chatelain, Demol & Rol;a (1984)
also found no significant differences In_either the k, or Bw for 3H-‘nimnrlipinf:e
binding to cardiac tissue from 9 week old SHR and Y. In contrast the_nme
group reported significant differences in kd and increases in Bqu from cirdiac
tissue from 24 wk old SHR compared to WKY. The relevance ol these’ findings is

not yet clear. -
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4.6. Concluding remarks.
In view of the critical dependence of VSM tone on the level of intracellular
Ca?*, it is not suprising that altered Ca2* handling has been suggested as one of
the causes of incressed tone in VSM from hypertensives (Kwan, 1985). This
alterstion csn manifest itself as changes in intracellulsr ‘Cat* r;egulnwry
mechanisms or incressed Ca’*.influx. This thesis was an munp; to characterise
two pathways through which Ca?t h@x occurs, namely ROC md POC (se*
section. 1.3.1.1), in tail arteries. Each pst‘hwawu selectively mtivatefl by

stimulting the artery with either NE (Ca®* ent# through ROC) or K+ (Ca2+

“entry lhrou'gh P'OC)‘.’I'h_e sensitivity’ of NE snd K+ rfsgpgsio nifedipine gives a

measure of ROC and POC sepiitivit} to nifedipine.

NE_r‘espomu, from both SR and WKY, vere equally sensitive to nifedipine.
K* reﬁponse; were aimiflcmitly more sensitive to nifedipine than NE responses.
Hoyever, there was 10 difference i_n sensitivify of K* responses to nifedipine
between SHR and WKY tlj] arteries. These results suggest that neither F;OC nor

" ROC function is altered in hypertension.

v o~ "

The Ca2+ sen!(t)'vity of SHR 'tail artery preparations was found to be elevgted‘
7 2 ‘ i
when vesgels wfre activated by EDy), but no%, levels of NE. This suggests

alterstions in ROC furttion. What is clear from this study is that in addition to

4 ___ED,y, levels of agonists, ED“', do.see‘ should slso be used in assessing sfmsilivitr

Nifedipine also significantly ‘re_duegd the Ca?* sensitivity of K+ activated vessels
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(SHR) at a ct;ncentlution ‘whicbhnd an insignificant effect on Ca%* sensitivity in
WK vessels. This again points o possible alterations in POC function. A similar
protocol with NE sctivation revesled that the Cs** responses in vessels from SHR
were more resisiant to nlle;iipine than WKY vessels, suggesting a downregulation

of RQC,

In order to correlate the studies mentioned sbove, further studies weré done to

. sssess the effect of i.v. nifedipine in SHR and WKY animsls. These resulls suggest

that in young atimals (prehypertensivé phase of Hypertenlfon) altered Ca®* influx
may not'be signil’lcn.n‘_t. At thé 10-12 week age group, a differential sensitivity to
nifedipine isl'oburved io SHR animals. In addition Wistar n:imaln were_more
insensitive to mledlpme thn W‘KY This nbservmon, ngt,her with the report
/-N Triggle, 1984? that Elood vessels from WKY snimals also (in addition
w SHR]\rfponded to La3*, indicates that csution should be exercised in »
< interpreting data !rom SHR and coptrol. The decrease in dukrenu aznsmvny
observed in the 20 week old animals suggests that at this age the Iug pressure is

maintained by some other mechadism than increased Cs influx.

Althaugh th‘g results mentioned nbove provide further indirect evidence for
chmges in snnel  function, dlrecl evxdence is lsclnng No doubt, use of
techniques 8Such. as rwdlohgand binding studies, which would allow duect
‘measurement of the clnnnel properties, would be helpful. Another approsch wauld
be to determine whnt influence do intracellular meuengen-hm on the ehannel

functiopal properties and yvhelhn this bs sltered in hyyemumn, )
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